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SURFACE  WATER  SUPPLY  OF  THE  NORTH  PACIFIC 
COAST  DRAINAGE,  1906.' 


J.  C  Stevens,  Robert  Follansbee,  and  E.  C.  La  Rue, 
District  Ilydrographers,^ 


INTRODUCTION. 


SCOPE   OF    WORK. 


The  water  supply  of  the  United  States  is  of  more  importance  to  the 
life  and  pursuits  of  the  people  than  is  any  other  natural  resource. 
In  the  arid  States  the  limit  of  agricultural  development  is  deter- 
mined by  the  amoimt  of  water  available  for  irrigation,  while  in  all 
parts  of  the  country  the  increase  in  the  population  of  cities  and  towns 
makes  necessary  additional  water  supplies  for  domestic  and  indus- 
trial uses,  in  procuring  which  both  the  quantity  and  the  quality  of  the 
water  that  may  be  obtained  musf  be  considered.  The  location  of 
manufacturing  plants  may  depend  largely  on  the  water-power  facili- 
ties and  on  the  character  of  the  water.  The  notable  advances  made 
in  the  electric  transmission  of  power  have  led  to  the  utilization  of 
water  powers  for  the  operation  of  manufacturing  establishments,  rail- 
roads, and  municipal  hghting  plants,  many  of  which  are  at  some 
distance  from  the  places  at  which  the  power  is  developed. 

The  intelligent  establishment  and  maintenance  of  enterprises  or 
industries  that  depend  on  the  use  of  water  demands  a  thorough  knowl- 
edge of  the  flow  of  the  streams  and  an  understanding  of  the  conditions 
affecting  that  flow.     This  knowledge  should  be  based  on  data  showing 

a  The  report  contains  information  similar  to  that  published  in  previous  years  under  the  title  "  Re])ort 
of  Progress  of  Stream  Measurements." 

b  The  data  presented  in  this  paper  have  been  collected  as  follows: 

Columbia  River  drainage  in  Oregon  and  Washington,  and  Puget  Sound  and  Pacific  Coast  drainages 
north  of  the  Oregon-California  State  line,  by  J.  C.  Stevens,  district  hydrographer,  assisted  by  R.  M. 
Hall,  Ivan  Landes,  W.  C  Muldrow,  and  H.  D.  McGlashan;  in  cooperation  in  Oregon  with  John  II. 
Levis,  State  engineer,  assisted  by  L.  R.  Allen,  Ivan  E.  Oakes,  and  Percy  A.  Cupper. 

Clark  Fork  drainage  by  Robert  Follansbee,  district  hydrographer. 

Snake  River  drainage  in  Idlho  and  Wyoming  by  £.  C.  La  Rue,  district  hydrographer. 

The  data  have  been  prepared  for  publication  under  the  direction  of  John  C.  Hoyt  by  R.  II.  Bolster, 
Robert  Follansbee,  F.  F.  Henshaw,  J.  E.  Stewart,  and  H.  D.  Padgett. 
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both  the  total  flow  and  the  distribution  of  the  flow  throughout  the 
year,  in  order  that  normal  fluctuations  ma^^  be  provided  for.  As  the 
flow  of  a  stream  is  variable  from  y^ear  to  year  estimates  of  future  flow 
can  be  made  only  from  a  study  of  observations  covering  several  years. 
The  rapid  increase  in  the  development  of  the  water  resources  of  the 
United  States  has  caused  a  great  demand  by  engineers  for  information 
in  regard  to  the  flow  of  streams,  as  it  is  now  generally  realized  that  the 
failure  of  many  large  power,  irrigation,  and  other  projects  has  been 
due  to  the  fact  that  the  plans  were  made  without  suflScient  trust- 
worthy information  in  respect  to  the  water  supply. 

Owing  to  the  broad  scope  of  these  hydrographic  investigations  and 
the  length  of  time  they  should  cover  in  order  that  the  records  may  be 
of  greatest  value,  it  is,  in  general,  impossible  for  private  individuals  to  , ,.  ^ 
collect  the  necessary  data,  and  as  many  of  the  streams  traverse  more  ^J— J 
than  one  State  this  work  does  not  properly  fall  within  the  province  >^/\ 
of  the  State  authorities.  The  United  States  Geological  Survey  has  v^  ' 
therefore,  by  means  of  specific  appropriations  by  Congress,  for  several  ^  «  t  \ 

years  systematically  made  records  of  stream  flow,  with  the  view  of  i " 

ultimately  determining  all  the  important  features  governing  the  flow  "^"T/ 
of  the  principal  streams  of  the  countr}\  In  carrying  out  this  plan  ';^  ^  8  s 
stations  are  established  on  the  streams  and  maintained  for  a  period  ^^ 
long  enough  to  show  their  regimen  or  general  behavior.  When  a  rec- 
ord that  is  sufficient  for  this  purpose  has  been  obtained  for  any  stream  ,  i 
the  work  on  that  stream  is  discontinued.  The  order  in  which  the  V,* 
streams  are  measured  is  determined  by  the  degree  of  their  importance,  //t, 

During  1906  the  regimen  of  flow  was  studied  at  about  700  stations  '\\  \ 
distributed  along  the  various  rivers  throughout  the  United  States,    W 
as  shown  on  PL  I.     In  addition  to  these  records  data  in  regard  to  jA  f/^ 
precipitation,   evaporation,   water   power,    and   river  profiles   were  /yiJ/^< 
obtained  in  many  sections  of  the  country.  t  \C^ 

These  data  have  been  assembled  by  drainage  areas,  and  are  pub-  ^^ 
lished  in  a  series  of  fourteen  Water-Supply  and  Irrigation  Papers,       ' 

Nos.  201  to  214,  inclusive,  each  of  which  pertains  to  the  surface  water  |_ 

resources  of  a  group  of  adjacent  areas.     In  these  papers  are  embodied        I 
not  only  the  data  collected  in  the  field,  but  also  the  results  of  compu-        1 
tations  based  on  these  data,  and  other  information  that  has  a  direct         1 
bearing  on  the  subject,  such  as  descriptions  of  basins  and  the  streams 
draining  them,  utility  of  the  wat<^r  resources,  etc.     The  list  follows:     ^^ 

Water-Supply  ami  Irrigation  Papers  on  surface  water  supply,  1906. 

201.  Surface  water  supply  of  New  England,  190f).     (Atlantic  coast  of  Now  England    ---,^ 

drainage. )  "^^^ 

202.  Surface  water  supply  of  tlu»  Hudson,  Piv<saic,  Raritan,  and  Delaware  river  drain- 

ages, 1906. 

203.  Surface  water  supply  of  the  Middle  Atlantic  States,  1906.     (^Simquehanna,  Gun- 

powder, Patapsco,  Potomac,  James,  Roanoke^  and  Yadkin  river  drainages.) 


^^ftlNc 
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205. 


206. 


204.  Siuiace  water  supply  of  the  Southern  Atlantic  and  Eastern  Gulf  States,  1906. 

(Santee,  Savannah,  Ogeechee,  and  Altamaha  rivers,  and  eastern  Gulf  of  Mexico 

drainages.) 
Surface  water  supply  of  the  Ohio  and  lower  eastern  Mississippi  river  drainages, 

1906. 
Surface  water  supply  of  the  Great  Lakes  and  St.  Lawrence  River  drainages,  1906. 

207.  Surface  water  supply  of  Hudson  Bay  and  upper  Mississippi  River  drainages,  1906. 

208.  Sur^e  water  supply  of  the  Missouri  River  drainage,  1906. 

209.  Surface  water  supply  of  the  lower  western  Mississippi  River  drainage,  1906. 

210.  Surface  water  supply  of  the  western  Gulf  of  Mexico  and  Rio  Grande  drainages, 

1906. 

211.  Surface  water  supply  of  the  Colorado  River  drainage  above  Yuma,  1906. 

212.  Surface  water  supply  of  the  Great  Basin  drainage,  1906. 

213.  Surface  water  supply  of  California,  1906.     (The  Great  Basin  and  Pacific  Ocean 

drainage  in  California,  and  Colorado  River  drainage  below  Yuma.) 

214.  Surface  water  supply  of  the  North  Pacific  Coast  drainage,  1906. 

The  records  at  most  of  the  stations  discussed  in  these  reports  extend 
over  a  series  of  years.  An  index  of  the  reports  containing  such 
records  up  to  and  including  1903  has  been  published  in  Water- 
Supply  Paper  No.  119.  The  following  table  gives,  by  years  and 
primary  drainage  basins,  the  numbers  of  the  papers  on  the  surface 
water  supply,  published  from  1901*  to  1906. 


Number  of  Water-Supply  Papers  containirig  results  of  stream  measurements ^  1901-1906.^ 


Atlantic  coast  of  New  EngLand  drainage 

Hudson,  Passaic,  Raritan,  and  Delaware  river  drainages 

Susquehanna,  Gunpowder,  Patapsco,  Potomac,  James,  Roanoke, 


1001. 


65 
75 
05 
75 

,  ,  ,  ,     65 

and  Yadkin  river  drainages \    75 

Santee,  Savannah,  Ogeechee,  and  Altamaha  rivers,  and  eastern  |  f    65 
Gull  of  Mexico  dramages 1    75 

Ohio  and  lower  eastern  Mississippi  river  drainages J    ^ 

Great  Lakes  and  St.  Lawrence  River  drainages 

Hudson  Bay  and  upper  eastern  and  western  Mississippi  River 
drainages 


1902. 


Missouri  River  drainage 

Meramec,  Arkansas,  Red,  and  lower  western  Mississippi  river 
drainages 

Western  Gulf  of  Mexico  and  Rio  Grande  drainages 


C-olorado  River  drainage  a)>ove  Yuma 

The  Great  Basin  drainage , 

The  Great  Bashi  and  Pacific  Ocean  drainages  in  California,  and 
Colorado  River  drainage  below  Yuma 

North  Pacific  Coast  drainage , 


82 


83 
83 
84 
85 

J. 


66  1 
75  if 

75  I 


66  I 


76  I 


1903. '  1904. 

1 

1905. 

97  !  124 

165 

97  '  125 

166 

97 
98 

}  126 

167 

98 

127 

168 

98 

128   169 

97 
98 
99 
100 

99 

129   170 

99 

131 

173 

99 

132 

174 

100 

133 

175 

100 

133 

176 

100 

134 

177 

100 

1.35 

178 

1906. 

201 

202 

203 

204 

205 
206 

207 

208 
209 
210 
211 
212 
213 
214 


a  Reports  containing  data  for  years  prior  to  1901  are  noted  in  the  series  list  at  the  end  of  this  paper. 

DEFINITIONS. 

The  volume  of  water  flowing  in  a  stream — the  ''run-off  or  ''dis- 
charge"— ^is  expressed  in  various  terms,  each  of  wliich  has  become 
associated  with  a  certain  class  of  work.     These  terms  may  be  divided 
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into  two  groups:  (1)  Those  which  represent  a  rate  of  flow,  as  second- 
feet,  gallons  per  minute,  miner's  inches,  and  run-ofl?  in  second-feet 
per  square  mile;  and  (2)  those  which  represent  the  actual  quantity 
of  water,  as  run-off  in  depth  in  inches  and  acre-feet.  They  may  be 
defined  as  follows: 

''Second-foot"  is  an  abbreviation  for  cubic  foot  per  second  and  is 
the  quantity  of  water  flowing  in  a  stream  1  foot  wide,  1  foot  deep,  at 
a  rate  of  1  foot  per  second.  It  is  generally  used  as  a  fundamental 
unit  from  which  others  are  computed. 

''Gallons  per  minute "  is  generally  used  in  connection  with  pumping 
and  city  water  supply. 

The  "miner's  inch"  is  the  quantity  of  water  that  passes  through 
an  orifice  1  inch  square  under  a  head  which  varies  locally.  It  has 
been  commonly  used  by  miners  and  irrigators  throughout  the  West, 
and  is  defined  by  statute  in  each  State  in  which  it  is  used. 

"Second-feet  per  square  mile"  is  the  average  number  of  cubic  feet 
of  water  flowing  per  second  from  each  square  mile  of  area  drained, 
on  the  assumption  that 'the  run-off  is  distributed  uniformly,  both  as 
regards  time  and  area. 

"Run-off  in  inches"  is  the  depth  to  which  the  drainage  area  would 
be  covered  if  all  the  water  flowing  from  it  in  a  given  period  were 
conserved  and  uniformly  distributed  on  the  surface.  It  is  used  for 
comparing  run-off  with  rainfall,  which  is  usually  expressed  in  depth 
in  inches. 

"Acre-foot"  is  equivalent  to  43,560  cubic  feet,  and  is  the  quantity 
required  to  cover  an  acre  to  the  depth  of  1  foot.  It  is  commonly  used 
in  connection  with  storage  for  irrigation  work.  There  is  a  convenient 
relation  between  the  second-foot  and  the  acre-foot :  One  second-foot 
flowing  for  twenty-four  hours  will  deliver  86,400  cubic  feet,  or 
approximately  2  acre-feet. 

EXPLANATION  AND  USE  OF  TABLES. 

For  each  regular  gaging  station  are  given,  as  far  as  available,  the 
following  data : 

1.  Description  of  station. 

2.  List  of  discharge  measurements. 

3.  Gage-height  table. 

4.  Rating  table. 

5.  Table  of  monthly  and  yearly  discharges  and  run-off. 

6.  Tables  showing  discharge  and  horsepower  and  the  number  of 
days  during  the  year  when  the  same  are  available. 

The  descriptions  of  stations  give  such  general  information  about 
the  locality  and  equipment  as  would  enable  the  reader  to  find  and 
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use  the  station,  and  they  also  give,  as  far  as  possible,  a  complete  his- 
tory of  all  the  changes  that  have  occurred  since  the  establishment  of 
the  station  that  would  be  factors  in  using  the  data  collected. 

The  discharge-measurement  table  gives  the  results  of  the  discharge 
measurements  made  during  the  year,  including  the  date,  the  name  of 
the  hydrographer,  the  width  and  area  of  cross  section,  the  gage  height, 
and  the  discharge  in  second-feet. 

The  table  of  daily  gage  heights  gives  the  daily  fiuctuatioiis  of  the 
surface  of  the  river  as  found  from  the  mean  of  the  gage  heights  taken 
each  day.  The  gage  height  given  in  the  table  represents  the  elevation 
of  the  surface  of  the  water  above  the  zero  of  the  gage.  At  most 
stations  the  gage  is  read  in  the  morning  and  in  the  evening. 

The  discharge  measurements  and  gage  heights  are  the  bcuse  data 
from  which  the  other  tables  are  computed.  In  cases  of  extensive 
development  it  is  expected  that  engineers  will  use  these  original  data 
in  making  their  calculations,  as  the  computations  made  by  the  Sur- 
vey are  based  on  the  data  available  at  the  time  they  are  made  and 
should  be  reviewed,  and,  if  necessary,  revised  when  additional  data 
are  available. 

The  rating  table  gives  the  discharge  in  second-feet  corresponding 
to  various  stages  of  the  river  as  given  by  the  gage  heights.  It  is 
published  to  enable  engineers  to  determine  the  daily  discharge,  in 
case  this  information  is  desired. 

In  the  table  of  monthly  discharge,  the  column  headed  *' Maximum'' 
gives  the  mean  flow  for  the  day  when  the  mean  gage  height  was 
highest,  and  it  is  the  flow  as  given  in  the  rating  table  for  that  mean 
gage  height.  As  the  gage  height  is  the  mean  for  the  day,  there  might 
have  been  short  periods  when  the  water  was  higher  and  the  corre- 
sponding discharge  larger  than  given  in  this  column.  Likewise,  in 
the  column  of  ^'Minimum,''  the  quantity  given  is  the  mean  flow  for 
the  day  when  the  mean  gage  height  was  lowest.  The  column  headed 
"Mean"  is  the  average  flow  for  each  second  during  the  month. 
Upon  this  the  computations  for  the  remaining  columns,  which  are 
defined  on  page  4,  are  based. 

The  values  in  the  table  of  monthly  discharge  are  intended  to  give 
only  a  general  idea  of  the  conditions  of  flow  at  the  station,  and  it  is 
not  expected  that  they  will  be  used  for  other  than  preliminary 
estimates. 

In  most  work  where  data  in  regard  to  flow  are  used  the  regimen 
of  flow  is  of  primary  importance.  Therefore,  for  the  principal  sta- 
tions^ tables  have  been  prepared  showing  the  horsepower  that  can 
be  developed  at  various  rates  of  flow,  and  the  length  of  time  that 
these  rates  of  flow  and  the  corresponding  horsepower  are  available. 
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These  tables  have  been  prepared  on  a  basis  of  80  per  cent  eflBciency 
on  the  turbines,  and  the  horsepower  per  foot  of  fall  is  given  in  order 
that  the  reader  can  determine  the  horsepower  for  any  fall. 

In  the  computations,  suflBcient  significant  figures  have  been  used 
so  that  the  percentage  of  error  in  the  tables  will  not  in  general  exceed 
1  per  cent.  Therefore,  most  of  the  values  in  the  tables  are  given  to 
only  three  significant  figures.  In  making  the  various  computations 
Thatcher's  slide  rule,  Crelle's  tables,  and  computation  machines  have 
been  generally  used. 

In  order  to  give  engineers  an  idea  of  the  relative  value  of  the  various 
data,  notes  in  regard  to  accuracy  are  given  as  far  as  possible.  This 
accuracy  depends  on  the  general  local  conditions  at  the  gaging  sta- 
tions and  the  amount  of  data  collected.  Every  eflFort  possible  is 
made  to  so  locate  the  stations  that  the  data  collected  will  give  a  high 
degree  of  accuracy.  This  is  not  always  possible  but  it  is  considered 
better  to  publish  rough  values  with  explanatory  notes  rather  than  no 
data. 

In  the  accuracy  notes  the  following  terms  have  been  used  indicating 
the  probable  accuracy,  in  per  cent,  of  the  mean  monthly  flow.  As 
these  values  are  mean  values,  the  error  in  the  value  for  the  flow  of  any 
individual  day  may  be  much  larger. 

Excellent  indicates  that  the  mean  monthly  flow  is  probably  accurate 
to  within  5  per  cent;  good,  to  within  10  per  cent;  fair,  to  within  15  per 
cent;  approximate,  to  within  25  per  cent. 

CONVENIENT   EQUIVALENTS. 

Following  is  a  table  of  convenient  equivalents  for  use  in  hydraulic 
computations: 

1  second-foot  equals  40  California  miner's  inches  (law  of  March  23, 1901). 

1  second-foot  equals  38.4  Colorado  miner's  inches. 

1  second-foot  equals  40  Arizona  miner's  inches. 

1  second-foot  equals  7.48  United  States  gallons  per  second;  equals  448.8  gallons  per 
minute;  equals  646,272  gallons  for  one  day. 

1  second-foot  equals  6.23  British  imperial  gallons  per  second. 
.  1  second-foot  for  one  year  covers  1  square  mile  1.131  feet  deep,  13.572  inches  deep. 

1  second-foot  for  one  year  equals  31,536,000  cubic  feet. 

1  second-foot  equals  about  1  acre-inch  per  hour. 

1  second-foot  for  one  day  covers  1  square  mile  0.03719  inch  deep. 

1  second-foot  for  one  28-day  month  covers  1  square  mile  1.041  inches  deep. 

1  second-foot  for  one  29-day  month  covers  1  square  mile  1.079  inches  deep. 

1  second-foot  for  one  30-day  month  covers  1  square  mile  1.116  inches  deep. 

1  second-foot  for  one  31-day  month  covers  1  square  mile  1.153  inches  deep. 

1  second-foot  for  one  day  equals  1.983  acre-feet. 

1  second-foot  for  one  28-day  month  equals  55.54  acre-feet. 

1  second-foot  for  one  29-day  month  equals  57.52  acre-feet. 

1  second-foot  for  one  30-day  month  equals  59.50  acre-feet. 

1  second-foot  for  one  31-day  month  equals  61.49  acre-feet. 
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100  Caliiomia  miner's  inches  equal  18.7  United  States  gallons  per  second. 

100  California  miner's  inches  equal  96.0  Colorado  miner's  inches. 

100  California  miner's  inches  for  one  day  equal  4.96  acre-feet. 

100  Colorado  miner's  inches  equal  2.60  second-feet. 

100  Colorado  miner's  inches  equal  19.5  United  States  gallons  per  second. 

100  Colorado  miner's  inches  equal  104  California  miner's  inches. 

100  Colorado  miner's  inches  for  one  day  equal  5.17  acre-feet. 

100  United  States  gallons  per  minute  equal  0.223  second-foot. 

100  United  States  gallons  per  minute  for  one  day  equal  0.442  acre-foot. 

1,000,000  United  States  gallons  per  day  equal  1.55  second-feet. 

1,000,000  United  States  gallons  equal  3.07  acre-feeti 

1,000,000  cubic  feet  equal  22.95  acre-feet. 

1  acre-foot  equals  325,850  gallons. 

1  inch  deep  on  1  square  mile  equals  2,323,200  cubic  feet. 

1  inch  deep  on  1  square  mile  equals  0.0737  second-foot  per  year. 

1  foot  equals  0.3048  meter. 

1  mile  equals  1.60935  kilometers. 

1  mile  equals  5.280  feet. 

1  acre  equals  0.4047  hectare. 

1  acre  equals  43,560  square  feet. 

1  acre  equals  209  feet  square,  nearly. 

1  square  mile  equals  2.59  square  kilometers. 

1  cubic  foot  equals  0^0283  cubic  meter. 

1  cubic  foot  equals  7.48  gallons. 

1  cubic  foot  of  water  weighs  62.5  pounds. 

1  cubic  meter  per  minute  equals  0.5886  second-foot. 

1  horsepower  equals  550  foot-pounds  per  second. 

1  horsepower  equals  76.0  kilogram-meters  per  second 

1  horsepower  equals  746  watts. 

1  horsepower  equals  1  second-foot  falling  8.80  feet. 

1}  horsepower  equal  about  1  kilowatt. 

Sec  -ft  X  full  in  feet 
To  calculate  water  power  quickly:    — - — '-^^^ "^^^^  horsepower  on  water 

wheel,  realizing  80  per  cent  of  theoretical  power. 

FIELJ)   METHODS   OF   MEASURING   STREAM   FLOW. 

The  methods  used  in  collecting  these  data  and  in  preparing  them 
for  publication  are  given  in  detail  in  Water-Supply  Papers  No.  94 
(Hydrographic  Manual,  U.  S.  Geol.  Survey)  and  No.  95  (Accuracy  of 
Stream  Measurements).  In  order  that  those  who  use  this  report  may 
readily  become  acquainted  with  the  general  methods  employed,  the 
following  brief  descriptions  are  given: 

Streams  may  be  divided,  with  respect  to  their  physical  conditions, 
into  three  classes — (1)  those  with  permanent  beds;  (2)  those  with  beds 
which  change  only  diu'ing  extreme  low  or  high  water;  (3)  those  with 
constantly  shifting  beds.  In  determining  the  daily  flow  special 
methods  are  necessary  for  each  class.  The  data  on  which  the  determi- 
nations are  based  and  the  methods  of  collecting  them  are,  however, 
in  general  the  same. 
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There  are  three  distinct  methods  of  determining  the  flow  of  open- 
channel  streams — (1)  by  measurements  of  slope  and  cross  section  and 
the  use  of  Chezy's  and  Kutter's  formulas;  (2)  by  means  of  a  weir; 
(3)  by  measurements  of  the  velocity  of  the  current  and  the  area  of 
the  cross  section.  The  method  chosen  for  any  case  depends  on  the 
local  physical  conditions,  the  degree  of  accuracy  desired,  the  funds 
available,  and  the  length  of  time  that  the  record  is  to  be  continued. 

Slope  method. — ^Much  information  has  been  collected  relative  to  the 
coefficients  to  be  used  in  the  Chezy  formula,  v  =  c^B  8.  This  has  been 
utilized  by  Kutter,  both  in  developing  his  formula  for  c  and  in  deter- 
mining the  values  of  the  coefficient  n  which  appears  therein.  The 
results  obtained  by  the  slope  method  are  in  general  only  roughly 
approximate,  owing  to  the  difficulty  in  obtaining  accurate  data  and 
the  uncertainty  of  the  value  for  n  to  be  used  in  Kutter's  formula. 
The  most  common  use  of  this  method  is  in  determining  the  flood  dis- 
charge of  a  stream  when  the  only  data  available  are  the  cross  section, 
the  slope  as  shown  by  marks  along  the  bank,  and  a  knowledge  of  the 
general  conditions. 

Weir  methods. — ^When  funds  are  available  and  the  conditions  are 
such  that  sharp-crested  weirs  can  be  erected,  these  offer  the  best 
facilities  for  determining  flow.  If  dams  are  suitably  situated  and 
constructed  they  may  be  utilized  for  obtaining  reliable  measurements 
of  flow.  The  conditions  necessary  to  insure  good  results  may  be 
divided  into  two  classes — (1)  those  relating  to  the  physical  character- 
istics of  the  dam  itself,  and  (2)  those  relating  to  the  diversion  and  use 
of  water  around  and  through  the  dam. 

The  physical  requirements  are  as  follows:  (a)  Sufficient  height  of 
dam,  so  that  backwater  will  not  interfere  with  free  fall  over  it; 
(6)  absence  of  leaks  of  appreciable  magnitude;  (c)  topography  or 
abutments  which  confine  the  flow  over  the  dam  at  high  stages; 
id)  level  crests,  which  are  kept  free  from  obstructions  caused  by  float- 
ing logs  or  ice;  (e)  crests  of  a  tjT)e  for  which  the  coefficients  to  be  used 
in  Q==chh^,  or  some  similar  standard  weir  formula,  are  known  (see 
Water-Supply  Papers  Nos.  180  and  200");  (/)  either  no  flashboardsor 
exceptional  care  in  reducing  leakage  through  them  and  in  recording 
their  condition. 

Preferably  there  should  be  no  diversion  of  water  through  or  around 
the  dam.  Generally,  however,  the  dam  is  built  for  purposes  of  power 
or  navigation,  and  part  or  all  of  the  water  flowing  past  it  is  diverted 
for  such  uses.  This  water  is  measured  and  added  to  that  passing 
over  the  dam.  To  insure  accuracy  in  such  determinations  of  flow 
the  amount  of  water  diverted  should  be  reasonably  constant.  Fur- 
thermore, it  should  be  so  diverted  that  it  can  be  measured,  either  by 

a  Water-Supply  Paper  No.  200  replaces  No.  150,  the  edition  of  which  has  been  exhauated. 
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a  weir,  a  current  meter,  or  a  simple  system  of  water  wheels  which  are 
of  standard  make,  or  which  have  been  rated  as  meters  under  working 
conditions  and  so  installed  that  the  gate  openings,  the  heads  under 
which  they  work,  and  their  angular  velocities  may  be  accurately 
observed. 

The  combination  of  physical  conditions  and  uses  of  water  should 
be  such  that  the  determinations  of  flow  will  not  involve,  for  a  critical 
stage  of  considerable  duration,  the  use  of  a  head  on  a  broad-crested 
dam,  of  less  than  6  inches.  Moreover,  when  all  other  conditions  are 
good,  the  cooperation  of  the  owners  or  operators  of  the  plant  is  still 
essential  if  reliable  results  are  to  be  obtained.  ^ 

A  gaging  station  at  a  weir  or  dam  has  the  general  advantage  of 
continuity  of  record  through  the  periods  of  ice  and  floods,  and  the 
disadvantages  of  uncertainty  of  coefficient  to  be  used  in  the  weir  for- 
mula and  of  complications  in  the  diversion  and  use  of  the  water. 

Velocity  method, — The  determination  of  the  quantity  of  water  flow- 
ing past  a  certain  section  of  a  stream  at  a  given  time  is  termed  a  dis- 
charge measurement.  This  quantity  is  the  product  of  two  factors — 
the  mean  velocity  and  the  area  of  the  cross  section.  The  mean  veloc- 
ity is  a  function  of  surface  slope,  wetted  perimeter,  roughness  of  bed, 
and  the  channel  conditions  at,  above,  and  below  the  gaging  section. 
The  area  depends  on  the  contour  of  the  bed  and  the  fluctuations  of  the 
water  surface.  The  two  principal  ways  of  measuring  the  velocity  of  a 
stream  are  by  floats  and  current  meters. 

Great  care  is  taken  in  the  selection  and  equipment  of  gaging  stations 
for  determining  discharge  by  velocity  measurements  in  order  that  the 
data  may  have  the  required  degree  of  accuracy.  Their  essential 
requirements  are  practically  the  same  whether  the  velocity  is  deter- 
mined by  meters  or  floats.  They  are  located  as  far  as  possible  where 
the  channel  is  straight  both  above  and  below  the  gaging  section;  where 
there  are  no  cross  currents,  backwater,  or  boils;  where  the  bed  of  the 
stream  is  reasonably  free  from  large  projections  of  a  permanent  char- 
acter; and  where  the  banks  are  high  and  subject  to  overflow  only  at 
flood  stages.  The  station  must  be  so  far  removed  from  the  effects  of 
tributary  streams  and  of  dams  or  other  artificial  obstructions  that  the 
gage  height  shall  be  an  index  of  the  discharge. 

Certain  permanent  or  semipermanent  structures,  usually  referred 
to  as  *' equipment,"  are  generally  pertinent  to  a  gaging  station.  These 
are  a  gage  for  determining  the  fluctuations  of  the  water  surface,  bench 
marks  to  which  the  datum  of  the  gage  is  referred,  permanent  marks  on 
a  bridge  or  a  .tagged  line  indicating  the  points  of  measurement,  and, 
where  the  current  is  swift,  some  appliance  (generally  a  secondary 
cable)  to  hold  the  meter  in  position  in  the  water.  As  a  rule,  the  sta- 
tions are  located  at  bridges  if  the  channel  conditions  are  satisfactory, 


Digitized  by  LjOOQ IC 


10  SURFACE   WATER   SUPPLY,   1906. 

as  from  them  the  observations  can  more  readily  be  made  and  the  cost 
of  the  equipment  is  small. 

The  floats  in  common  use  are  the  surface,  subsurface,  and  tube  or 
rod  floats.  A  corked  bottle  with  a  flag  in  the  top  and  weighted  at  the 
bottom  makes  one  of  the  most  satisfactory  surface  floats,  as  it  is 
affected  but  little  by  wind.  In  case  of  flood  measurements,  good 
results,  can  be  obtained  by  observing  the  velocity  of  floating  cakes  of 
ice  or  d*6bris.  In  case  of  all  surface-float  measurements  coefficients 
must  be  used  to  reduce  the  observed  velocity  to  the  mean  velocity. 
The  subsurface  and  tube  or  rod  floats  are  intended  to  give  directly 
the  mean  velocity  in  the  vertical.  Tubes  give  excellent  results  when 
the  channel  conditions  are  good,  as  in  canals. 

In  measuring  velocity  by  a  float,  observation  is  made  of  the  time 
taken  by  the  float  to  pass  over  the  ^'run,^'  a  selected  stretch  of  river 
from  50  to  200  feet  long.  In  each  discharge  measurement  a  large 
number  of  velocity  determinations  are  made  at  different  points  across 
the  stream,  and  from  these  observations  the  mean  velocity  for  the 
whole  section  is  determined.  This  may  be  done  by  plotting  the  mean 
positions  of  the  floats  as  indicated  by  the  distances  from  the  bank  as 
ordinates  and  the  corresponding  times  as  abscissas.  A  curve  through 
these  points  shows  the  mean  time  of  run  at  any  point  across  the 
stream,  and  the  mean  time  for  the  whole  stream  is  obtained  by  divid- 
ing the  area  bounded  by  this  curve  and  its  axis  by  the  width.  The 
length  of  the  run  divided  by  the  mean  time  gives  the  mean  velocity. 

The  area  used  in  float  measurements  is  the  mean  of  the  areas  at  the 
two  ends  of  the  run  and  at  several  intermediate  sections. 

The  essential  parts  of  the  current  meters  in  use  are  a  wheel  of  some 
type  so  constructed  that  the  impact  of  flowing  water  causes  it  to 
revolve  and  a  device  for  recording  or  indicating  the  number  of  revolu- 
tions. The  relation  between  the  velocity  of  the  moving  water  and 
the  revolutions  of  the  wheel  is  determined  for  each  meter.  This 
rating  is  done  by  drawing  the  meter  through  still  water  for  a  given 
distance  at  different  speeds  and  noting  the  number  of  revolutions  for 
each  run.  From  these  data  a  rating  table  is  prepared  which  gives  the 
velocity  per  second  for  any  number  of  revolutions. 

Many  kinds  of  current  meters  have  been  constructed.  They  may, 
however,  be  classed  in  two  general  types — those  in  which  the  wheel  is 
made  up  of  a  series  of  cups,  as  the  Price,  and  those  having  a  screw- 
propeller  wheel,  as  the  Haskell.  Each  meter  has  been  developed  for 
use  under  some  special  condition.  In  the  case  of  the  small  Price 
meter,  shown  in  PI.  II,  B,  which  has  been  largely  developed  and 
extensively  used  by  the  United  States  Geological  Survey,  an  attempt 
has  been  made  to  get  an  instrument  which  could  be  used  under  prac- 
tically all  conditions. 
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Current^meter  measurements  may  be  made  from  a  bridge,  cable, 
boat,  or  by  wading,  and  gaging  stations  may  be  classified  in  accord- 
ance with  such  use.     Fig.  1  shows  a  typical  cable  station. 

In  making  the  measurement  an  arbitrary  number  of  points  are  laid 
ofT  on  a  line  perpendicular  to  the  thread  of  the  stream.  The  points 
at  which  the  velocity  and  depth  are  observed  are  known  as  measuring 
points  and  are  usually  fixed  at  regular  intervals,  varying  from  2  to  20 
feet,  depending  on  the  size  and  condition  of  the  stream.  Perpen- 
diculars dropped  from  the  measuring  points  divide  the  gaging  section 
into  strips.  For  each  strip  or  pair  of  strips  the  mean  velocity,  area, 
and  discharge  are  determined  independently,  so  that  conditions 
existing  in  one  part  of  the  stream  may  not  be  extended  to  parts 
where  they  do  not  apply. 

Three  classes  of  methods  of  measuring  velocity  with  current  meters 
are  in  general  use — multiple-.point,  single-point,  and  integration. 


Fig.  1. — Cable  station  showing  section  of  the  river,  car,  gage,  etc. 

The  three  principal  multiple-point  methods  in  general  use  are  the 
vertical  velocity-curve;  0.2  and  0.8  depth;  and  top,  bottom,  and  mid- 
depth. 

In  the  vertical  velocity-curve  method  a  series  of  velocity  determi- 
nations are  made  in  each  vertical  at  regular  intervals,  usually  from  0.5 
to  1  foot  apart.  By  plotting  these  velocities  as  abscissas  and  their 
depths  as  ordinates  and  drawing  a  smooth  curve  among  the  resulting 
points  the  vertical  velocity-curve  is  developed.  This  curve  shows, 
graphically,  the  magnitude  and  changes  in  velocity  from  the  surface 
to  the  bottom'  of  the  stream.  The  mean  velocity  in  the  vertical  is 
then  obtained  by  dividing  the  area  bounded  by  this  velocity  curve 
and  its  axis  by  the  depth.  On  account  of  the  length  of  time  required 
to  make  a  complete  measurement  by  this  method  its  use  is  limited  to 
the  determination  of  coefficients  for  purposes  of  comparison  and  to 
measurements  under  ice. 

In  the  second  multiple-point  method  the  meter  is  held  successively 
at  0.2  and  0.8  of  the  depth,  and  the  mean  of  the  velocities  at  these  two 
8078— JBB  214^-07 2 
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points  is  taken  as  the  mean  velocity  for  that  vertical.  On  the  assump- 
tion that  the  vertical  velocity-curve  is  a  common  parabola  with  hori- 
zontal axis,  the  mean  of  the  velocities  at  0.22  and  0.79  of  the  depth 
will  give  (closely)  the  mean  velocity  in  the  vertical.  Actual  observa- 
tions under  a  wide  range  of  conditions  show  that  this  second  multiple- 
point  method  gives  the  mean  velocity  very  closely  for  open-water 
conditions,  and,  moreover,  the  indications  are  that  it  holds  nearly  as 
well  for  ice-covered  rivers. 

In  the  third  multiple-point  method  the  meter  is  held  at  mid-depth, 
at  0.5  foot  below  the  surface,  and  at  0.5  foot  above  the  bottom,  and  the 
mean  velocity  is  determined  by  dividing  by  6  the  sum  of  the  top  veloc- 
ity, four  times  the  mid-depth  velocity,  and  the  bottom  velocity.  The 
method  may  be  modified  by  observing  at  0.2,  0.6,  and  0.8  depth. 

The  single-point  method  consists  in  holding  the  meter  either  at  the 
depth  of  the  thread  of  mean  velocity  or  at  an  arbitrary  depth  for 
wliich  the  coefficient  for  reducing  to  mean  velocity  has  been  deter- 
mined. 

Extensive  experiments  by  vertical  velocity-curves  show  that  the 
thread  of  mean  velocity  generally  occiub  at  from  0.3  to  0.7  of  the  total 
depth.  In  general  practice  the  thread  of  mean  velocity  is  considered 
to  be  at  0.6  depth,  at  which  point  the  meter  is  held  in  a  majority  of  the 
measurements.  A  large  number  of  vertical  velocity-curve  measure- 
ments, taken  on  many  streams  and  under  varying  conditions,  show 
that  the  average  coefficient  for  reducing  the  velocity  obtained  at  0.6 
depth  to  mean  velocity  is  practically  unity. 

In  the  other  principal  single-point  method  the  meter  is  held  near 
the  surface,  usually  1  foot  below  or  low  enough  to  be  out  of  the  effect 
of  the  wind  or  other  disturbing  influences.  This  is  known  as  the  sub- 
surface method.  The  coefficient  for  reducing  the  velocity  taken  at 
the  subsurface  to  the  mean  has  been  found  to  be  from  0.85  to  0.95, 
depending  on  the  stage,  velocity,  and  channel  conditions.  The  higher 
the  stage  the  lai^er  the  coefficient.  This  method  is  specially  adapted 
for  flood  measurements  or  when  the  velocity  is  so  great  that  the  meter 
can  not  be  kept  at  0.6  depth. 

The  vertical-integration  method  consists  in  moving  the  meter  at  a 
slow  uniform  speed  from  the  surface  to  the  bottom  and  back  again  to 
the  siu*face  and  noting  the  number  of  revolutions  and  the  time  taken 
in  the  operation.  This  method  has  the  advantage  that  the  velocity 
at  each  point  of  the  vertical  is  measured  twice.  It  is  useful  as  a  check 
on  the  point  methods. 

The  area,  which  is  the  other  factor  in  the  velocity  method  of  deter- 
mining the  dischaige  of  a  stream,  depends  on  the  stage  of  the  river, 
which  is  observed  on  the  gage,  and  on  the  general  contour  of  the  bed 
of  the  stream,  which  is  determined  by  soundings.  The  soimdings  are 
usually  taken  at  each  measuring  point  at  the  time  of  the  discharge 
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measurement  either  by  using  the  meter  and  cable  or  by  a  special 
somiding  line  or  rod.  For  streams  with  permanent  beds  standard 
cross  sections  are  usually  taken  diiring  low  water.  These  sections 
serve  to  check  the  soundings  which  are  taken  at  the  time  of  the  meas- 
urements, and  from  them  any  change  which  may  have  taken  place  in 
the  bed  of  the  stream  can  be  detected.  They  are  also  of  value  in 
obtaining  the  area  for  use  in  computations  of  high-water  measure- 
ments, as  accurate  soundings  are  hard  to  obtain  at  high  stages. 

In  computing  the  discharge  measurements  from  the  observed  veloc- 
ities and  depths  at  various  points  of  measurement  the  measuring 
section  is  divided  into  elementary  strips,  as  shown  in  fig.  1,  and  the 
mean  velocity,  area,  and  discharge  are  determined  separately  for 
either  a  single  or  a  double  strip.  The  total  discharge  and  the  area  are 
the  sums  of  those  for  the  various  strips,  and  the  mean  velocity  is 
obtained  by  dividing  the  total  discharge  by  the  total  area. 

The  determination  of  the  flow  of  an  ice-covered  stream  is  diflficult, 
owing  to  diversity  and  instabihty  of  conditions  during  the  winter 
period,  and  also  to  lack  of  definite  information  in  regard  to  the  laws 
of  flow  of  water  under  ice.  The  method  now  employed  is  to  make 
frequent  dischaige  measurements  during  the  frozen  periods  by  the 
0.2  and  0.8,  and  vertical  velocity-curve  methods,  and  to  keep  an  accu- 
rate record  of  the  conditions,  such  as  the  gage  height  to  the  surface 
of  the  water  as  it  rises  in  a  hole  cut  in  the  ice,  the  thickness  and 
character  of  the  ice,  etc.  From  these  data  an  approximate  estimate 
of  the  daily  flow  can  be  made  by  constructing  a  rating  curve  (really  a 
series  of  curves)  similar  to  that  used  for  open  channels,  but  consid- 
ering, in  addition  to  gage  heights  and  discharge,  the  varying  thickness 
of  ice. 

For  information  in  regard  to  flow  under  ice  cover  see  Water-Supply 
Paper  No.  187. 

OFFICE   METHODS   OF   COMPUTING    RUN-OFF. 

There  are  two  principal  methods  of  determining  run-off,  depending 
upon  whether  or  not  the  bed  of  the  stream  is  permanent. 

For  stations  of  streams  with  permanent  beds  the  first  step  in  com- 
puting the  run-off  is  the  construction  of  a  rating  table,  which  shows 
the  discharge  corresponding  to  any  stage  of  the  stream.  This  rating 
table  is  applied  to  the  record  of  stage  to  determine  the  amount  of 
water  flowing.  The  construction  of  the  rating  table  depends  on  the 
method  used  in  measuring  flow. 

For  a  station  at  a  weir  or  dam  the  basis  for  the  rating  table  is  some 
standard  weir  formula.  The  coefficients  to  be  used  in  its  application 
depend  on  the  type  of  dam  and  other  conditions  near  its  crest.  After 
inserting  in  the  weir  formula  the  measured  length  of  crest  and  the 
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assumed  coefficient;  the  discharge  is  computed  for  various  heads  and 
the  rating  table  constructed. 

The  data  necessary  for  the  construction  of  a  rating  table  for  a  veloc- 
ity-area station  are  the  results  of  the  discharge  measurements,  which 
include  the  record  of  stage  of  the  river  at  the  time  of  measurement, 
the  area  of  the  cross  section,  the  mean  velocity  of  the  current,  and  the 
quantity  of  water  flowing.  A  thorough  knowledge  of  the  conditions 
at  and  in  the  vicinity  of  the  station  is  also  necessary. 

The  construction  of  the  rating  table  depends  on  the  following  laws 
of  flow  for  open  permanent  channels:  (1)  The  discharge  will  remain 
constant  so  long  as  conditions  at  or  near  the  gaging  station  remain 
constant.  (2)  The  discharge  will  be  the  same  whenever  the  stream  is 
at  a  given  stage  if  the  change  of  slope  due  to  the  rise  and  fall  of  the 
stream  be  neglected.  (3)  The  discharge  is  a  function  of  and  increases 
gradually  with  the  stage. 

The  plotting  of  results  of  the  various  discharge  measurements, 
using  gage  heights  as  ordinates;  and  discharge,  mean  velocity,  and 
area  as  abscissas  will  define  curves  which  show  the  discharge,  mean 
velocity,  and  area  corresponding  to  any  gage  height.  For  the  develop- 
ment of  these  curves  there  should  be,  therefore,  a  sufficient  number  of 
discharge  measurements  to  cover  the  range  of  the  stage  of  the  stream. 
Fig.  2  shows  a  typical  rating  curve  with  its  corresponding  mean- 
velocity  and  area  curves. 

As  the  discharge  is  the  product  of  two  factors,  the  area  and  the 
mean  velocity,  any  change  in  either  factor  will  produce  a  correspond- 
ing change  in  the  discharge.  Their  curves  are  therefore  constructed 
in  order  to  study  each  independently  of  the  other. 

The  area  curve  can  be  definitely  determined  from  accurate  sound- 
ings extending  to  the  limits  of  high  water.  It  is  always  concave 
toward  the  horizontal  axis  or  on  a  straight  line,  imless  the  banks  of  the 
stream  are  overhanging. 

The  form  of  the  mean-velocity  curve  depends  chiefly  on  the  surface 
slope,  the  roughness  of  the  bed,  and  the  cross  section  of  the  stream. 
Of  these,  the  slope  is  the  principal  factor.  In  accordance  with  the 
relative  changes  of  these  factors  the  curve  may  be  either  a  straight 
line,  convex  or  concave  toward  either  axis,  or  a  combination  of  the 
three.  From  a  careful  study  of  the  conditions  at  any  gaging  station 
the  form  which  the  vertical  velocity-curve  will  take  can  be  predicted, 
and  it  may  be  extended  with  reasonable  certainty  to  stages  beyond 
the  limits  of  actual  measurements.  Its  principal  use  is  in  connection 
with  the  area  curve  in  locating  errors  in  discharge  measurements  and 
in  constructing  the  rating  table. 

The  discharge  curve  is  defined  primarily  by  the  measurements  of 
discharge,  which  are  studied  and  weighted  in  accordance  with  the  local 
conditions  existing  at  the  time  of  each  measurement.     The  curve  may, 
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however,  best  be  located  between  and  beyond  the  measurements  by 
means  of  curves  of  area  and  mean  velocity.  The  discharge  curve 
under  normal  conditions  is  concave  toward  the  horizontal  axis  and  is 
generally  parabolic  in  form. 

In  the  preparation  of  the  rating  table  .the  discharge  for  each  tenth 
or  half  tenth  on  the  gage  is  taken  from  the  curve.  The  differences 
between  successive  discharges  are  then  taken  and  adjusted  according 
to  the  law  that  they  shall  be  either  constant  or  increasing. 

The  determination  of  daily  discharge  of  streams  with  changeable 
beds  is  a  difficult  problem.  In  case  there  is  a  weir  or  dam  available,  a 
condition  which  seldom  exists  on  streams  of  this  class,  the  discharge 
can  be  determined  by  its  use.  In  case  of  velocity-area  stations  fre- 
quent discharge  measurements  must  be  made  if  the  determinations  of 
flow  are  to  be  other  than  rough  approximations.  For  stations  with 
beds  which  shift  slowly,  or  are  materially  changed  only  during  floods, 
rating  tables  can  be  prepared  for  periods  between  such  changes  and 
satisfactory  results  obtained  with  a  limited  number  of  measurements, 
provided  that  some  of  them  are  taken  soon  after  the  change  occurs. 
For  streams  with  continually  shifting  beds,  such  as  the  Colorado  and 
Rio  Grande,  discharge  measurements  should  be  made  every  two  or 
three  days  and  the  discharges  for  intervening  days  obtained  either  by 
interpolation  modified  by  gage  height  or  by  Professor  Stout's  method, 
which  has  been  described  in  full  in  the  Nineteenth  Annual  Report  of 
the  United  States  Geological  Survey,  Part  IV,  page  323,  and  in  the 
Engineering  News  of  April  21,  1904.  This  method,  or  a  graphical 
application  of  it,  is  also  much  used  in  determining  the  flow  at  stations 
where  the  bed  shifts  but  slowly. 
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Deschutes  Irrigation  and  Power  Company,  Portland,  Oreg. ;  Colum- 
bia Southern  Irrigating  Company,  Portland,  Oreg.;  Squaw  Creek 
Irrigation  Company,  Prineville,  Oreg.;  Lewiston-Clarkston  Com- 
pany, Clarkston,  Wash.;  Seattle-Tacoma  Power  Company,  Seattle, 
Wash. ;  Northwestern  Gas  and  Electric  Company,  Pendleton,  Oreg. ; 
Condor  Water  and  Power  Company,  Tolo,  Oreg.;  M.  W.  Zindel, 
Zindel,  Wash.;  and  the  citizens  of  Union,  Oreg.,  and  Sisters,  Oreg.; 
for  volimtary  observations  of  gage  heights. 

y     COLUMBIA  RIVER  DRAINAGE. 
coijUMBIa  river  proper. 

DESCREPrrON   OP  BASIN. 

Columbia  River  has  its  source  in  Columbia  Lake  in  the  east  divi- 
sion of  the  Kootenai  district  in  British  Columbia;  thence  it  flows 
northward  to  the  fifty-second  parallel  of  latitude,  where  it  turns 
sharply  southward  and  flows  through  a  series  of  arrowlike  lakes, 
crossing  the  international  boundary  line  in  the  northeast  comer  of 
the  State  of  Washington,  where  it  receives  the  Clark  Fork.  After 
traversing  the  State  of  Washington  it  forms  the  boimdary  hne 
between  Washington  and  Oregon  and  empties  into  the  Pacific 
Ocean  at  the  forty-sixth  parallel  of  latitude.  The  river  is  navigable 
in  long  stretches  throughout  its  entire  course  in  the  United  States, 
although,  owing  to  rapids  and  falls,  continuous  navigation  is  not 
possible. 
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The  Columbia  and  its  tributaries  drain  a  total  area  of  259,000 
square  miles,  distributed  as  follows: 

Areas  in  Columbia  River  basin. 

Square 
miles. 

Oregon 56, 370 

Washington 48, 000 

Idaho 81, 380 

Montana 25,000 

Nevada : 5,280 

Wyoming 5, 270 

British  Columbia 38, 700 

The  larger  part  of  this  area  is  arid  or  semiarid,  the  annual  rainfall 
varying  from  10  inches  in  portions  of  Oregon  and  Idaho  to  100 
inches  on  the  Cascade  Range.  The  area  is  largely  mountainous,  and 
the  streams  flpw  for  the  most  part  through  deep  canyons  in  the 
basaltic  formations  characteristic  of  the  Pacific  Northwest.  The 
flood  discharge  of  the  Columbia  at  The  Dalles  has  been  estimated 
at  1,000,000  second-feet  and  the  low-water  flow  at  about  40,000 
second-feet. 

The  tributaries  of  the  Columbia  are  of  great  importance,  affording 
good  sites  for  the  development  of  power  and  an  abundance  of  water 
for  irrigation,  which  latter  is  extensively  practiced  in  some  of  the 
valleys,  notably  those  of  Umatilla,  Yakima,  and  the  upper  portion 
of  Snake  River. 

The  basins  of  Naches,  Boise,  and  Walla  Walla  rivers  and  other 
tributary  streams  are  described  in  connection  with  gaging  stations 
maintained  on  them. 

On  the  Columbia  proper  but  one  gaging  station — that  at  Pasco — 
is  maintained  by  the  Geological  Survey.  Others,  however,  are  main- 
tained by  the  United  States  Weather  Bureau  at  Riparia,  Wenatchee, 
Umatilla,  The  Dalles,  and  Vancouver,  and  by  the  United  States 
Corps  of  Engineers  -at  Celilo,  Cascade  Locks,  and  Fort-  Stevens. 

COLUMBIA    RIVER    AT    PASCO,  WASH. 

This  station  was  established  October  15,  1904,  at  the  bridge  of 
the  Northern  Pacific  Railway,  1.2  miles  from  Pasco,  Wash.  The 
conditions  at  the  station  and  the  bench  marks  are  described  in 
Water-Supply  Paper  No.  178,  page  13,  where  are  given  also  refer- 
ences to  publications  that  contain  data  for  previous  years. 
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Daily  gage  height^  in  feet,  of  Columbia  River  at  Pasco,  Wath.,for  1906, 


Day. 


Jan. 


Feb. 


1.. 
2., 
3.. 
4.. 
5.. 

6.. 
7.. 
8. 
9. 
10.. 

11-. 
12. 
13. 
14. 
15. 

16.. 
17.. 
18.. 
19. 
20. 

21. 
22. 
23. 
24. 
25.. 

36.. 
27. 
28.. 
29. 
30. 
31.. 


7.7 
7.7 
7.6 
7.6 
7.6 

7.6 
7.5 
7.5 
7.5 
7.5 

7.4 
7.4 
7.4 
7.5 
7.5 

7.5 
7.4 
7.4 
7.4 
7.4 

7.4 
7.4 
7.3 
7.4 
7.4 

7.6 
7.8 
8.0 
8.0 
80 
80 


8.0 
8.1 
8.2 
82 
8.3 

8.3 
8.2 
81 
81 
80 

7.9 
7.9 
7.9 
7.9 
7.9 

7.8 
7.8 
7.8 
7.8 
8.0 

88 
9.0 
9.2 
9.3 
9.3 

9.3 
9.3 
9.3 


Mar. 


9.3 
9.2 
9.2 
9.2 
9.1 

9.0 
9.0 
8.9 
9.0 


Apr.     May.    Jane.  i  July. 


Aug. 


11.4  I 
12.2  i 
13.0  I 
13.0  I 
12.8  I 

12.6  I 
12.6  j 
13.0  I 
13.4  I 


9.1 

13.9 

9.1 

14.4 

9.2 

14.4 

9.2 

14.3 

9.0 

14.1 

8.9 

13.8 

8.8 

13.8 

8.7 

14.0 

&4 

14.3 

8.3 

14.6 

83 

14.9 

8.3 

15.1 

8.3 

15.3 

8.3 

15.9 

8.3 

16.6 

8.4 

17.2 

8.7 

17.6 

9.4 

17.6 

10.2 

17.5 

10.9 

17.4 

11.3 

17.5 

11.2 

17.8 

21.0 

18.1 

20.9 

18.5 

20.8 

188 

20.8 

19.2 

21.0 

19.3 
19.2 
19.1 
19.0 
19.0 

19.3 
19.7 
20.1 
20.3 
20.3 

20.2 
20.2 
20.1 
20.0 
20.0 

19.9 
19.9 
19.9 
19.9 
19.9 

20.0 
20.2 
20.8 
20.8 
20.8 
21.0 


21.0  I 

21.1  i 
21.1 
21.0 
20.9  1 

20.8  I 

20.8  , 
20.9 
21.1  I 
21.1  I 


21.0 
21.0 
21.1 
20.9 
20.7 

W.5 
20.1 
20.0 
19.8 
19.5 

19.5 
19.3 
19.3 
19.3 
19.5 


19.7 
19.7 
19.7 
19.7 
19.7 

19.7 
19.7 
19.8 
19.9 
20.1 

20.3 
20.4 
20.5 
20.6 
20.6 

20.6 
20.5 
20.4 
20.2 
20.0 

19.9 
19.7 
19.4 
19.2 
19.0 

18  8 
18  6 
18.4 
182 
18.0 
17.9 


17.5 
17.4 
17.4 
17.2 
17.0 

16l8 
16.5 
16.1 
15.9 
15.6 

15.4 
15.3 
15.1 
15.0 
15.0 

15.0 
15.0 
15.0 
15.0 
15.0 


Sept. 


12.9 
12.8 
12.8 
12.8 
12.7 

12.7 
12.7 
12.6 
12.6 
12.5 

12.5 
12.8 
13.2 
13.5 
13.7 

13.7 
13.5 
13.3 
13.1 
12.8 


Oct. 


14.9 

12.6 

14.7 

12.4 

14.6 

12.2 

14.4 

12.0 

14.3 

12.0 

14.0 

12.0 

13.8 

11.9 

13.6 

11.8 

13.4 

11.7 

13.2 

11.7 

13.0 

11.6 

11.0 

11.5 

10.8 

11.4 

10.8 

11.3 

10.8 

11.2 

10.7 

Nov. '  Dec. 


11.1 

10.6 

11.0 

10.6 

10.9 

10.6 

10.9 

10.7 

10.8 

10.9 

10.7 

10.7 

10.6 

10.8 

10.6 

10.9 

10.5 

11.4 

10.5 

14.0 

10.5 

16.6 

10.5 

17.5 

10.5 

16.3 

10.6 

15.3 

10.6 

14-0 

10.6 

13.3 

10.6 

13.1 

10.6 

12.9 

10.5 

12.8 

10.5 

12.6 

10.4 

12.4 

10.3 

12.2 

11.2 

12.0 

11.7 

11.9 

11.4 

11.9 

11.1 

11.8 
11.7 
11.6 
11.4 
11.3 

11.2 
11.1 
11.1 
11.1 
11.1 

11.0 
II.O 
11.0 
11.0 
10.9 

10.8 
10.6 
10.6 
10.5 
10.4 

10.6 
11.4 
11.4 
11.3 
11.3 

11.4 
11.7 
11.7 
11.8 
11.6 
11.6 


MISCELLANEOUS  MEASUREMENTS. 


The  foDowing  miscellaneous  measurements  were  made  on  minor 
streams  directly  tributary  to  Columbia  River  during  1906: 

Miscellaneous  measurements  in  Columbia  River  drainage  basin  in  1906. 


Date. 


Stream. 


September  10. .   Eightmile  Creek. 
April  26 Sandy  River 

July  27 1 do 

August  31  e j do 

September  1...I do 

September  30..  I do 

September  27. .  I  StlU  River 

Auguat  31 Salmon  River. . . 

September  27..    Zigzag  Creek 

"     '      -      '         Bull  Run  Creek.. 


September  1 . 

September  1. 
June  30. 


September  l...| do 


do 

Bull  Run  Creek  pipe. 


Locality. 


Width. 


Area  of  I   Gase  '    Dis- 
section, height,  charge. 


The  Dalles,  Oreg 

^  miles  southeast  of  Trout- 
dale,  Oreg. 

do 

Salmon  River  post-oflloe, 
Oreg. 

Troutdale,  Oreg 

do 

SW.  J  sec.  13,  T.  3  S.,  R.  7  E. 

Salmon  River  post-offlco, 
Oreg. 

NE.  J  sec.  17,  T.  3S.,  R.  7E. 

Above  Portland  waterworks 
pipe  intake. 

Headworks 

.....do 


Feet. 


202 
180 


178 
183 

20 

71 

22 
74 

74 

14.5 

14.5 


Sq.ft.  ,   Feet. 


1,320 

774 
154 

750  , 

844  I 
22  I 
117  , 

14 

183 

177 
52 


&1.18 
1.15 


M.55 
d4.87 


*2.80  ' 


Sec-ft. 

o7 

3,050 

703 


475 
(vS8 
53 
120 

44 

l« 

110 
38 
38 


a  EstlmAted. 

b  Below  top  portion  of  lower  section  of  bridge  caisson,  right  bank. 

c  Below  Junction  of  Salmon  River. 

'Below  top  of  bridge  caisson,  left  bank,  downstream  side. 

«  Below  nail  in  alder  on  south  bank  20  feet  upstream  from  footbridge. 
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CI^RK  FORK  DRAINAGE  BAHIN. 

DESCRIPTION    OF   BASIN. 

Clark  Fork"  rises  on  the  eastern  slopes  of  the  high  mountain 
ranges  that  form  the  boimdary  between  Montana  and  Idaho.  It 
flows  northward,  northwestward,  and  again  northward  as  it  crosses 
western  Montana,  northern  Idaho  (through  Lake  Pend  Oreille), 
northeastern  Washington,  and  a  few  miles  into  British  Columbia, 
then  turns  somewhat  abruptly  westward  and  southwestward  and 
joins  the  Columbia  near  Boundary  station  on  the  Spokane  Falls  and 
Northern  Railroad. 

To  the  river  thus  described  various  names  have  been  appUed  in 
the  past  and  are  probably  still  used  locally.  The  northward-flowing 
section  above  the  town  of  Missoula  has  been  known  as  the  Bitter- 
root,  the  section  between  the  junction  of  Hell  Gate  and  Big  Black- 
foot  rivers  and  Lake  Pend  Oreille  has  been  called  the  Missoula,  and 
the  stretch  of  the  river  below  its  exit  from  Lake  Pend  Oreille  has 
been  called  Pend  Oreille  River.  These  names,  as  well  as  Silver  Bow, 
Hell  Gate,  and  Deer  Lodge,  have  been  superseded,  a  recent  decision 
of  the  Board  on  Geographic  Names  applying  Clark  Fork  to  the 
stream  continuously  from  the  head  of  the  Bitterroot  to  the  mouth 
of  the  Pend  Oreille. 

GLABK   FOBK^  NEAB   OBANTSDALE,  MONT. 

This  station  was  estabhshed  April  25,  1902.  It  is  located  on  the 
highway  bridge  2  miles  southwest  of  Grantsdale  and  5  miles  south- 
west of  Hamilton,  Mont.  Length  of  chain  in  1906,  23.25  feet.  The 
bench  mark  is  the  northwest  bolt  in  the  northwest  abutment  of  the 
bridge;  elevation  above  gage  datum,  19.36  feet.  The  conditions  at 
this  station  and  the  bench  marks  are  described  in  Water-Supply 
Paper  No.  178,  page  21,  where  are  given  also  references  to  publica- 
tions that  contain  data  for  previous  years. 

Discharge  measurements  of  Clark  Fork  near  Grantsville^  Mont.f  in  1906. 


Date. 


Hydrographer. 


Width  I  ^'^  °' 
I  ^»a^'i-   section. 


Ga 
heifl 


Dia- 
Gsbaige. 


-| 


AprU7 

April  27 

June  5 

July? 

Auguflt  11  c  ... 
September  9  e  . 


Morse  and  Edson 

G.  Edson 

do 

Morse  and  Richards. 

R.  Richards 

....do 


Feet. 

Sq.ft. 

Feet. 

172 

403 

2.26 

1    186 

567 

3.27 

193 

744 

4.10 

183 

486 

2.95 

29 

57 

1.24 

37 

56 

1.24 

Sec-fL 

798 

1,970 

3,830 

1,460 

99 

114 


o Clark  Fork;  river  In  Idaho,  Montana,  and  Washington.  (Not  Bitter  Root,  Bitterroot,  Clarke, 
Clarks  River,  Deer  Lodge,  Deerlodge,  Hell  Gate,  HeUipate,  Missoula,  Silver  Bow,  nor  Silverbow:) 
Third  Report  U.  S.  Board  on  Geographic  Names,  Washington,  1907,  p.  61. 

t>  Station  formerly  known  as  Bitterroot  River  near  Grantsdale,  Mont. 

c  Measured  by  wading. 
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I>aily  gage  height,  in  feet,  of  Clarh  Fork  Tuar  GrantsdaU,  Mont.,  for  1906. 


Day. 


Jan. 


7. 
8. 
9. 
10. 

11. 
12. 
13,. 
14. 
15.. 


16.. 
17.. 
18.. 
19.. 
20.. 

21.. 
22.. 
23.. 
24.. 


27. 
28.. 
29. 
30. 
31.. 


1.8 
1.8 
1.8 
1.8 
1.8 

1.8 
1.8 
1.8 
1.9 
1.9 

1.9 
2.3 
2.3 
2.3 
2.3 

2.3 

1.8 
1.7 
1.8 
1.8 

1.8 
1.7 
1.7 
1.7 
1.6 

1.6 
1.6 
1.6 
1.6 
1.5 
1.5 


Feb. 


1.5 
1.5 
1.5 
1.7 
1.7 

1.6 
1.6 
1.5 
1.8 
1.8 

1.8 
1.8 
1.7 
1.7 
1.6 

1.6 
1.6 
1.5 
1.5 
1.6 

1.6 
1.6 
1.6 
1.6 
1.6 

1.6 
1.6 
1.6 


Mar. 


1.6 
1.6 
1.6 
1.6 
1.6 

1.6 
1.6 
1.6 
1.7 
1.7 

2.5 
2.5 
2.5 
2.5 
2.5 

Z5 
2.5 
2.3 
2.2 
2.0 

1.8 
1.8 
1.8 
1.7 
2.1 

2.0 
2.0 
2.0 
2.0 
2.0 
2.2 


Apr. 


2.35 
2.25 
2.15 
1.95 
1.95 

2.25 
2.35 
2.35 
2.45 
2.45 

2.35 
2.35 
2.25 
2.25 
2.55 

2.55 
2.65 
2.66 
2.66 
2.75 

3.05 
3.4.5 
3.85 
4.15 
3.85 

3.45 

3.25 

3.2 

3.3 

3.3 


May. 


Jann.    July. 


3.3 

3.6 

3.2 

as 

3.4 

Z.5 

3.8 

40 

3.6 

4  0 

3.5 

41 

3.5 

3.9 

3.7 

3.7 

3.8 

3.5 

40 

40 

42 
4  2 
43 

41 
40 

3.8 
3.7 
3.6 
3.4 
3.3 

3.5 
3.4 
3.4 
3,5 
40 

43 
4  4 
43 
40 
3.9 
3.8 


43  I 

44  1 
41 
40 
3.9 

3.7 
3.6 

a5 

3.4 
3.3 

3.2 
3.1 
3.0 
3.0 
3.1 

3.2 
3.3 
3.8 
3.5 
3.4 


3,0 
3.0 
3.1 
3.1 
3.0 

3.0 
3.0 
2.9 
2.8 
2.8 

2.6 
2.6 
2.5 
2.4 
2.3 

2.2 
2.1 
2.2 
2.1 
2.0 

1  9 
1.9 
1.9 
1.8 
1.7 

1.7 
1.5 
1.5 
1.3 
1.4 
1.3 


Aug. 

Sept. 

Oct, 

Nov. 

Dec. 

1.4 

1.3 

1.4 

2.1 

2.15 

1.5 

1.3 

1.4 

2.0 

2.15 

1.4 

1.3 

1.4 

2.0 

2.1 

1.3 

1.2 

1.4 

2.0 

2.1 

1.3 

1.2 

1.5 

1.9 

2.1 

1.6 

1.2 

1.5 

1.9 

2.5 

1.5 

1.2 

1.5 

1.9 

2.4 

1.4 

1.2 

1.5 

2.95 

2.35 

1.3 

1.2 

1.5 

2.7 

2.36 

1.3 

1.2 

1.5 

2.5 

2.3 

1.2 

1.2 

1.5 

2.4 

2.3 

1.3 

1.3 

1.5 

3.0 

2.25 

1.2 

1.4 

1.5 

41 

2.2 

1.2 

U 

1.5 

46 

2.1 

1.2 

1.5 

6.02 

2.05 

1.2 

1.5 

1.6 

5.0 

2.15 

1.2 

1.5 

1.75 

406 

2.15 

1.2 

1.5 

1.7 

3.55 

2.1 

1.2 

1.5 

1.7 

3.25 

2.1 

1.1 

1.6 

1.7 

3.0 

2.1 

1.1 

1.6 

1.65 

2.7 

2.2 

1.3 

1.6 

1.6 

2.6 

2. 26 

1.4 

1.6 

1.65 

2.5 

2.25 

1.4 

1.5 

1.65 

2.a5 

2.2 

1.5 

1.5 

1.7 

2,3 

2.2 

1.5 

1.5 

1.9 

2.3 

2.25 

1.5 

1.5 

2.9 

2.25 

2.3 

1.4 

1.4 

2  7 

2.26 

2.3 

1.4 

1.4 

2.5 

2.2 

2.25 

1.3 

1.4 

2.4 

2.15 

2.35 

1.3 

2.2 

2.4 

Note.— Ice  conditions  January  12  to  17  and  February  9  to  March  21. 

Rating  table  for  Clark  Fork  near  Grantsdale,  Mont.,  for  1906. 


faeSl 

Dia- 
chaige. 

bei^t 

Dia- 
cbaiige. 

!   Gase 
|hei^t. 

Dia- 
cbaige. 

!  Ga«e 
hei^t. 

Fcft. 

Dis- 
charge. 

Sec.-ft. 

heigS. 

Dis- 
charge. 

FeeL 

Sec-n. 

FeH. 

8ec.-ft. 

Feet. 

Sec-Jl. 

Feet. 

Sec-ft. 

1.10 

60 

1.80 

395 

2.60 

3.20 

1.825 

3.90 

3,005 

1.20 

80 

1,90 

470 

2.60 

1,120 

3.30 

1,965 

!    4  00 

3,215 

1.30 

110 

2.00 

550 

2.70 

1,225 

3.40 

2,105 

420 

3,660 

1.40 

150 

2.10 

635 

2.80 

1,335 

3.50 

2,265 

440 

4,110 

1.50 

200 

2.20 

725 

2.90 

1,450 

3.60 

2,435 

1.60 

280 

2.30 

820 

3.00 

1,570 

3.70 

2,615 

1.70 

325 

2.40 

920 

3.10 

1,605 

3.80 

2,805 

Note.— The  above  table  is  applirabie  only  for  open-channel  conditions.    It  is  based  on  17  discharge 
xneasorements  made  during  1904-1906  and  is  well  defined. 

Monthly  diwharge  of  Clark  Fork  near  Grantsdale,  Mont.,  for  J 906. 
(Drainage  area,  1,550  square  miles.] 


Month. 


January  « 

February  1-8. 
Mardi  22-31... 

April 

May 

June 

July 

August 

September 

October 

November 

December 


The  period. 


Discbaige  in  second-feet. 


Maximum.   Minimum.      Mean. 


470 

325 

725 

3,550 

4,110 

4110 

1,700 

260 

2flO 

1,450 

8,100 

1,020 


200 

200 

325 

510 

1,825 

1,570 

110 

60 

80 

150 

470 

592 


359 

240 

522 

1.370 

2,800 

2.540 

m) 

127 
157 
386 
1,650 
750 


Total  in 
acrft-feet. 


22.100 

3.900 

10i400 

81,. 500 

172, 000 

1.51,000 

.53. 200 

7.810 

9,340 

23.700 

98.200 

46, 100 


679,000 


Run-off. 


Sec.-ft.  per ,  Depth  in 
sq.  mile.       inches. 


0.27 
.05 
.13 
.99 

2.09 

1.83 
.64 
.09 
.11 
.29 

1.18 
..56 


a  Discharge  estimated  January  12  to  17. 

KoTB.— ValiiM  are  rated  at  foUows:  January  to  March  and  August  to  October,  good;  remainder  of 
tbe  pMlodi  MBOtUtnt* 
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GLABK   FORK**   AT   MISSOULA,    MONT. 

This  station  was  established  July  10,  1898,  at  Higgins  Avenue 
Bridge,  Missoula,  Mont.,  but  was  removed  May  27,  1899,  to  the  bridge 
of  the  Bitterroot  Valley  division  of  the  Northern  Pacific  Railw^ay, 
about  one-half  mile  downstream.  The  conditions  at  the  station 
and  the  bench  marks  are  described  in  Water-Supply  Paper  No.  178, 
page  16,  where  are  given  also  references  to  publications  that  contain 
data  for  previous  years. 

Discharge  measurements  of  Clark  Fork  at  Missoida,  Mont.,  in  1906, 


Bate. 

Hydrographer. 

Width. 

Area  of 
section. 

Ga«B    ;      DlB- 
height.   [  cliAige, 

April  6 

Morne  and  Kdfton 

Feet. 
195 
195 
275 
306 
172 
162 
137 
162 
162 

813 
1,250 
1,480 
912 
716 
609 
733 
723 

Feet. 
3.43 
3.45 

Sec.-/i. 
1.750 

April  6 

do 

liW) 

April  26 

Jane  6. 

G.  Edson 

4.90            4.230 

do 

6.08 
4.13 
3.08 
2.77 
3.07 
2.93 

7,370 

July  6 

Morse  and  Richa?Tl8.                    ... 

2.rM 

August  10 

R.  Richards 

1.070 

September  8 . . . 

do 

1,050 

September  19... 
October  15 

r> rover  and  Foiianabfm, .  _ 

1,050 

Rkhftn1«  and  Follar«b«« 

972 

DaUy  gage  height  j  in  feet,  of  Clark  Fork  at  Missoula^  Monl.yfofr  1906. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

3.10 
3.10 
3.10 
3.10 
3.10 

3.10 
3.10 
3.10 
3.12 
3.15 

3.15 
3.20 
3.20 
3.20 
3.20 

3.20 
3.20 
3.20 
3.25 
3.25 

3.10 
3.30 
3.30 
3.30 
3.30 

3,30 
3.30 
3.30 
3.30 
3.30 
3.30 

3.30 
3.30 
3.35 
3.36 
3.35 

3.35 
3.35 
3.35 
3.35 
3.35 

3.35 
3.35 
3.35 
3.36 
3.35 

3.35 
3.35 
3.35 
3.35 
3.35 

3.35 
2.90 
2.80 
2.70 
2.60 

2.80 
2.80 
2.80 

2.80 
2.68 
2.60 
2.65 
2.70 

2.80 
2.90 
2.95 
2.95 
2.96 

2.95 
2.95 
2.96 
2.95 
2.95 

2.95 
3.15 
3.25 
3.25 
3.40 

3.40 
3.30 
3.30 
3.98 
3,95 

4.35 
4.25 
3.95 
3.90 
3.85 
3.92 

4.12 
4.18 
3.78 
3.50 
3.42 

3.45 
3.60 
3.70 
3.75 
3.72 

3.68 
3.62 
3.58 
3.52 
3.52 

3.60 
3.72 
3.80 
3.88 
3.90 

4.00 
4.25 
4.65 
4.90 
5.00 

4.88 
4.80 
4.75 
4.70 
4.«J 

4.52 
4.50 
4.58 
4.80 
4.85 

4.80 
4.65 
4.62 
4.75 
4.80 

6.00 
6.25 
5.38 
6.40 
6.30 

5.30 
5.15 
5.00 
4.85 
4.80 

4.80 
4.88 
4.90 
4.90 
4.98 

4.96 
5l10 
5.30 
5.55 
5.78 
5.76 

5.70 
5.00 
6.66 
5.72 
5.96 

6.02 
6.12 
5.96 
6.80 
5.72 

5.72 
5.72 
6.78 
6.78 
5.62 

5.48 
5.60 
5.60 
5.28 
5.10 

5l02 
4.98 
4.90 
4.80 
4.78 

4.70 
4.60 
4.70 
480 
4.78 

4.70 
4.62 
4.62 
4.48 
4.32 

4.25 
4.10 
4.00 
3.98 
3.95 

3.88 
3.80 
3.72 
3.60 
3.65 

3.70 
3.62 
3.58 
3.50 
3.45 

3.40 
3.40 
3.35 
3.30 
3.22 

3.20 
3.12 
3.10 
3.10 
3.10 
3.10 

3.08 
3.02 
3.00 
3.00 
3.00 

3.00 
3.00 
3.10 
3.15 
3.15 

2.96 
2.96 

aoo 

3.05 
3.00 

3.00 
2.92 
2.82 
2.82 
2.80 

2.78 
2.75 
3.10 
3.25 
3.28 

3.35 
3.30 
3.22 
3.15 
3.10 
3.08 

3.06 
3.00 
3.00 
3.00 
2.96 

2.90 
2.85 
2.78 
2.78 
2.75 

2.86 
2.85 
2.86 
2.90 
3.18 

3.32 
3.22 
3.08 
3.10 
3.05 

3.08 
3.05 
3.00 
2.96 
2.92 

2.95 
2.95 
2.95 
2.90 
2.90 

2.85 
2.90 
2.90 
2.85 
2.90 

2.90 
2.90 
2.90 
2.86 
2.86 

2.90 
2.90 
2.95 
2.95 
2.95 

2.95 

ao5 

3.08 
3.10 
3.16 

3.10 
3.05 
3.05 
3.05 

ao5 

3.22 
3.30 
3.26 
3.25 
3.25 
3.25 

3.25 
3.20 
3.20 
3.25 
3.20 

3.20 
3.22 
3.45 
3.60 
3.60 

3.65 
3.60 
3.68 
4.20 
6.00 

5.18 
6.15 
4.70 
4.48 
4.28 

4.35 
4.22 
4.15 
4.02 
4.00 

3.96 
3.70 
3,60 
3.70 
3.60 

3.60 

2 

3.60 

3 

3.60 

4 

3.62 

5 

3.78 

6 

3.70 

7 

3.72 

8 

3.75 

9 

3.70 

10 

3.65 

11 

3.68 

12 

3.75 

13 

aso 

14 

a68 

15... 

3.48 

16 

3.45 

17 

3.48 

18 

3.56 

19 

3.70 

20 

3.68 

21 

3.65 

22 

3.60 

23 

3.60 

24 

25 

28.... 

27 

28 

29 

30 

31 

aeo 

3.65 

3.75 

3.80 
3.80 
a75 
a70 

aoo 

Note.— Ice  conditions  January  2  to  February  19  and  March  10  to  24.    There  was  no  ioe  during 
December. 

a  Station  formerly  known  as  Missoula  River  at  Missoula,  Mont. 
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Rating  table  for  Clark  Fork  at  Missoula.  Mont.,  for  1906. 


'■  Gage 
hei^t. 

Dift- 
chAtge. 

Sec.-fl. 
78) 

height. 

Dis- 
charge. 

Gage 
height. 

Di»- 
charge. 

Gage 
heiglt. 

DiB- 

chaige. 

Gage 
height. 

Dia- 
chaige. 

Feet. 

2.50 

Feet. 
;    3w30 

'U 

Feet. 
1    4.10 

8ec.-ft. 
2,610 

Feet. 
4.90 

W 

Feet. 
5.60 

Sec.^t. 
5,990 

2.60 

810 

3.40 

1,560 

4.20 

2,790 

5.00 

4,400 

&70 

6,270 

2.70 

880 

3.50 

1,690 

4.30 

2,970 

5.10 

4,700 

5.80 

6,550 

2.80 

950 

3.60 

1,830 

4.40 

3,160 

5.20 

4,950 

5.90 

6,840 

2.90 

1.030 

;    3.70 

1,970 

4.50 

3,360 

5.30 

5,200 

6.00 

7,130 

3.00 

1,120 

1    a80 

2,120 

4.60 

3.570 

5.40 

5,400 

6.20 

7.740 

.    3.10 

1,220 

^    3.90 

2.280 

4.70 

3.780 

5.50 

5,720 

,  a40 

8,370 

a20 

1,330 

4.00 

2,440 

.« 

4.000 

Note.— The  above  table  is  appiicable  only  for  open-channel  condttions.  It  Is  based  on  9  discharge 
meamiements  made  daring  1906  and  is  well  defined  between  gage  heights  3.5  feet  and  6.0  feet.  Below 
gage  height  3.5  feet  the  table  is  only  fair. 

Monthly  discharge  of  Clark  Fork  at  Missoula,  Mont.,  for  J906. 
[Drainage  area,  5,960  square  miles.] 


Month. 


February  20-28. 

Marcha 

AprU 

MSy 

June 

July 

August 

September 

October 

November 

December. 


Discharge  In  second-feet. 


MazimuuL   Minimum.      Mean, 


The  period. 


1,500 
3,060 
4,460 
6,490 
7,490 
3,780 
1,500 
1,460 
1,440 
4,900 
2,120 


810 

810 

1,590 

3,360 

3,570 

1,220 

915 

915 

990 

1,330 

1,620 


1,060 
1,480 
2,560 
4,510 
5,510 
2,060 
1,170 
1,100 
1,150 
2,360 
1,920 


Total  in 
acre-feet. 


18,900 
91.000 
152,000 
277,000 
328.000, 
127,000 
71,S00 
65.500 
70,700 
140,000 
118,000 


1,460,000 


Run-off. 


8ec.-ft.per 
sq.  mile. 


Depth  in 
inches. 


0.178 
.248 
.430 
.767 
.924 
.346 
.196 
.185 
.193 
.396 


0.06 
.29 
.48 
.87 

1.03 
.40 
.23 
.21 
.22 
.44 
.37 


a  Open  channel  rating  applied  March  10  to  24. 

Note.— Values  are  rated  as  follows:  February.  March,  and  August  to  December,  fair;  April  to  July, 
good. 

STILLWATER  RIVER   NEAR    KALISPELL,    MONT. 

Stillwater  River  rises  in  the  northern  part  of  Flathead  County  and 
flows  southeast  through  several  lakes  into  Flathead  River. 

The  gaging  station  was  established  September  25,  1906.  The 
gage  is  located  at  the  Reiter  wagon  bridge,  2  miles  from  Kalispell. 
The  flow  is  controlled  by  dams  above.  The  measuring  section  is 
below  the  mouth  of  Whitefish  River  and  includes  the  flow  of  that 
stream.  The  intake  for  the  city  waterworks  is  between  the  mouth 
of  Whitefish  and  the  gage.  Owing  to  the  extreme  sluggishness  of  the 
Stillwater  above  the  ipouth  of  the  Whitefish,  it  is  impossible  to  make 
measurements;  hence  the  flow  of  the  former  is  obtained  by  sub- 
tracting the  flow  at  the  Whitefish  station  from  that  at  this  station. 
This  gives  the  amount  available  for  irrigation. 

Discharge  measurements  are  made  from  the  bridge  or  may  be 
made  by  wading  at  low  stage. 

The  gage,  which  is  read  morning  and  evening  by  W.  H.  Reiter,  is 
a  staff,  fastened  to  the  upstream  end  of  the  bridge  pier.     The  bench 
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mark  is  a  spike  in  the  piling  which  is  the  upstream  edge  of  the  pier 
on  which  the  right  end  of  the  right  truss  rests;  it  is  3  feet  above  the 
ground  and  is  driven  horizontally;  elevation,  4.74  feet  above  gage 
datum. 

Discharge  measurements  of  Stillwater  River  near  Kalispetl,  Mont.,  in  1906. 


Date. 


September  25. . . 

October2 

November  22  «. 


Ilydrographer. 


1  ivM^K     Area  of       Ga 
I  Width    ^j.j^„^ 


Foilansbee  and  Wade . . . 
Foliansbee  and  Richards 
R.  Richards 


Feet.  '  Sq.ft. 

90  305 

08  I  309 

67  I  107 


Feet. 

1.64 
1.52 
2.12 


Di9- 
chaiK^. 

Sec.-ft. 
142 
125 
322 


a  Measured  by  wading. 


Daily  gage  height,  in  feet  j  of  Stillwater  River  near  Kalispell,  Mont. .for  1906. 


Day. 

Sept. 

1 

2. ' 

3 

J:::::: 



5 

6 

7 



8 

9    ... 

10 

11 

■l 


Oct. 

Nov. 
1.50 

Dec.  1 

1.95 

2.58 

l.HO 

2.02 

2.50 

2.10 

2.20 

2.50 

l-W 

1.45 

2.42 

1.70 

2.00 

2.45 

1.68 

2.05 

2.40 

1.56 

1.70 

1.98 

1.31 

1.60 

1.75 

1.90 

1.35 

1.72 

1.86 

2.00 

1.70 

l.GO 

1.90 

1.70 

Day.     Sept. 

Oct. 

Nov.    Dec. 

Day. 

Sept. 

Oct. 

Nov. 

Dec. 

12 

1.95 

i 
1.70     1.70 

23 

1.85 

1.75 

2.  10 

13 

1.41  !  1.75 

1.95 
2.32 

24 

1.82 
1.35 

1.65 
2.30 

l.W 

14 

1.21 

1.85 

25 

1.65 

1.68 

15 

1.71 

2.05 

2.28 

26 

l.GO 

1.92 

2.75 

2.05 

16 

1.70 

3.25 

2.28 

27 

1.72 

2.22 

2.70 

1.55 

17 ' 

1.56 

3.05 

2.28 

28 

1.05 

2.15 

2.65 

1.95 

18 

1.56     2.95 

2.30 

29 

2.32 

1.95 

2.62 

1.70 

19 

1.60     2.32 

2.25 

30 

2.40 

1.38 

2.58 

1.70 

20 

1.51     2.02 
1.28     2.00 

2.25 
2.20 

31 

1.98 

1.58 

21 

22 

1.15     2.00 

2.20 

Note.— The  flow  of  this  stream  is  controlled  by  dams. 

Rating  table  for  Stillwater  River  near  Kalispell,  Mont.,  for  1906. 


Gage  I 
height.j 

"i 
Feet. 
1.10 
1.20 
1.30 
1.40 
1.50 


Dis- 
charge. 


104 
120 


Gage 

height. 

Dis- 
charge. 

Sec.-fl.  1 

Gage 

height. 

Dis-     , 
charge. 

hej^t. 

Feet. 

Feet. 

Sec.-ft. 

Feet. 

1.  t^O 

140 

2.10 

310 

2.60 

1.70 

163 

2.20 

370 

2.70 

1.80 

190 

2.30 

430 

2.80 

1.90 

220 

2.40 

500 

2.90 

2.00 

260    ' 

2.50 

580 

3.00 

Dis-     i  Gage       Dis- 
charge. '  height.;  charge. 


Sec.'ft. 
670 
780 
860 
970 
1,060 


Feel. 
3.10 
3.20 
3.30 


Sec.-Jt. 
1,200 
1.320 
1,450 


Note.— The  above  tabic  is  applicable  only  for  opon-channel  conditions.    It  is  based  on  3  dischai^e 
measurements  made  during  1906. 

Monthly  discharge  of  Stillwater  River  near  Kalispell,  Mont.,  for  1906. 


Month. 


I        Discharge  in  second-feet. 
'  Maximum. 


September  25-30. 

Octoljer 

November 

December 


500 

382 

1,380 

*  &58 


Minimum.      Moan. 


Total  in 
acre-feet. 


140 
72 
95 

136 


274 
178 
410 
327 


3,260 
10.900 
24.400 
20.100 


The  period . 


58,660 


Note.— Values  arc  rated  as  follows:  September,  October,  and  December,  good;  November.  lair. 
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WHTTEFISH   RIYEB   NEAB   KAU8PELL,    MONT. 

Whitefish  River  rises  in  the  central  part  of  Flathead  County  and 
flows  south  into  Stillwater  River  above  the  gaging  station  on  that 
stream. 

The  gaging  station  was  established  September  24,  1906.  It  is 
located  at  the  Tetrault  wagon  bridge  10  miles  from  KaHspell  and  6 
miles  from  Columbia  Falls.  There  is  a  dam  at  the  outlet  of  the  lake 
which  feeds  the  river,  and  consequently  the  flow  is  wholly  controlled. 

The  channel  is  straight  for  500  feet  above,  and  200  feet  below  the 
station.  The  banks  are  high  and  are  not  likely  to  overflow.  The 
bed  of  the  stream  is  composed  of  gravel  and  is  permanent.  There  is 
one  channel  at  all  stages. 

Discharge  mefisurements  are  made  from  the  wagon  bridge  or  may 
be  made  by  wading  at  low  stage. 

The  gage,  which  is  read  daily  by  F.  R.  Miles,  is  a  staff  fastened  to 
timber  abutment  200  feet  upstream  from  the  bridge,  on  the  left 
bank.  The  bench  mark  is  a  black  paint  spot  on  a  bowlder  on  the 
right  bank,  near  the  water's  edge  and  directly  do^^Tistream  from  old 
timber  abutment;  it  is  marked  ''U.  S.  G.  S.  B.  M.";  elevation,  3.02 
feet  above  the  gage  datum. 

Discharge  measuremenU  of  WhiUfiak  River  mar  Kalispdl,  Moni.j  in  1906. 


Date. 


September  24*. 
October  22  »... 
November  22^. 


Hydrogmpber. 


Wade  and  Follaosbee 

FoUuiflbee  and  Richards. 
R.  Kicbards 


Width 


I  Arm  of 
'   section. 


Gaffe  Dis- 

heignt.     charge. 


Feet. 
106 
26 
32 


I 


Sq.ft. 
99.7  ; 
19.1 
25.0 


Feet.        See.-ft. 
2.28  ;         126 
1.35 
1.70  I 


14.8 
15.9 


«  Made  at  bridge.  ^  Made  by  wading. 

DaUy  gage  height ,  in  feet,  of  Whitefish  River  juar  Kalispell,  Mont.,  for  1906. 


Day.   !  Nov. 

1 

Dec. 

Day. 

Nov. 

1 
Dec. 

Day. 

Nov. 

Dec. 

Day. 

Nov. 

,     i 

2.96 
Z96 
2.9  : 
2.85 
2.8 
2.65  ' 
1.65 
1 

8 

1.6 

17 

2.0 

24 

2  6 
2  0 

o             , 

11 

12 

18 

20  1 ' 

22  1 1 

23  1 

24' 1 

2  4  ! 

25 

i 1 

19 

26 

2  6 

4         t 

13  

20 

21 

27 

28 

2  8 

14 

3.0 

6 

16 

22  .  .. 

3  0 

16 

23 

2  4  30 

3.0 

1     1 

Dec. 


CROW   CREEK   NEAR   RONAN,    MONT. 

Crow  Creek  rises  on  the  western  slope  of  the  Mission  Range  and 
flows  westward  across  the  Flathead  Reservation,  emptying  into  Clark 
Fork. 

The  gaging  station  was  established  September  21,  1906.  It  is 
located  at  the  highway  bridge  on  the  stage  road  from  St.  Ignatius 
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to  Ronan,  4  miles  south  of  Ronan.  The  station  is  several  miles 
below  the  canyon. 

The  channel  curves  sharply  to  the  right  inunediately  above  the 
station,  but  is  straight  for  200  feet  below.  The  banks  slope  back 
gradually  from  the  water's  edge.  At  all  stages  except  extreme  flood 
the  water  will  all  pass  beneath  the  bridge.  The  current  is  sluggish. 
The  bed  of  the  stream  is  composed  of  fine  gravel. 

Discharge  measurements  are  made  by  wading  at  a  section  either 
above  or  below  the  bridge.  At  high  stages  measurements  may  be 
made  at  the  bridge. 

The  gage,  which  is  read  morning  and  evening  by  Mrs.  Alphonsine 
Mclntyre,  is  a  staff  fastened  to  the  upstream  end  of  the  bridge  pier. 
The  bench  mark  is  a  spike  driven  horizontally  2  feet  above  the  ground, 
in  the  northeast  corner  of  a  log  building,  50  feet  downstream  from 
the  gage,  on  the  left  bank;  elevation,  10  feet  above  the  datum  of 
the  gage. 

Discharge  measurements  of  Crow  Creek  near  Rotum,  MotU.j  in  1906. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

28.9 
39.0 

Ga«e 
height. 

Dis- 
charge. 

September  20  a. 
October  18  ft... 

Wade  and  Follansbec 

Feet. 
33 
28 

28 

Feet. 
1.00 
1.15 
1.86 

Sec.^. 
24.9 

FoUansl)ee  and  Richards 

35w7 

November  19  ft. 

R.  Richards 

73.8 

o  Made  at  bridge.  ft  Made  by  wading. 

Daily  gage  Jieight,  in  feet,  of  Crow  Creek  River  near  Ronan,  Mont.,  for  1906. 


Day. 

Sept. 

"l 

Oct. 

0.9 
.9 
1.2 
1.16 
1.0 
1.0 
1.0 
l.O 
1.0 
1.0 
1.0 

Nov.    Dec. 

1.0  1  1.25 
1.0     1.2 

Day.    ;  Sept.  Oct.    Nov. 
12 1.0      1.3 

Dec.  '    Day.    ! 

Sept.;  Oct. 

Nov. 

D«c. 

1 

1.0    J  22 , 

1.0    1,  23 

1.05      24 1 

1.15   '25 1 

1.05  1   26 

1.0       27 

1.0       28 

1.0    1   29 , 

1.0    1   30 1 

1.0       31 

1.0    1  1.0 
.95  !  1.0 
.9       1.0 
.9    1  1.0 
.9    .  1.15 
.9    '  1.3 

1.0       1.2 
.95  1  1.2 
.9       1.1 

1.1 

Il.5 

*  1.45 

1  1.4 

1  1.4 

1.25 

1.1 

1.2 

1.2 

1.2 

1.1 

2 

13 !  I.a5 

14 1.0 

15 1.0 

16 1  1.1 

1.6 

1.8 

2,2 

2.95 

2.2 

1.05 

3 

1.0 
1.0 
1.0 
1.0 

1.15 
1.15 
1.15 

4 

5 

1.6 

6 

1.1      t  17 1.15 

1.4 

7 

1.0     1.05      18 1.2    1  2.0 

1.3     1.1        19 1.1    1  1.9 

1.3     1.1        20 1.05     1.8 

1.3     1.0     ,  21 1.0       1.0       1.6 

1.3  ,  1.0     , 
1 

1.35 

8 

1.3 

9 

1.3 

10 

1.2 

11 

Rating 

lablef 

Qace 
eight. 

or  Crow  Creek  near 

Rom 

IS-      1 

.'ft.       1 

71 

76    1 

82     li 
89     > 

m,  Mont.,  for 

1906. 

Ojiee        Dis-      1 
height,   charge,  'h 

Dis- 
chaiige. 

Gaffe  1     D 
height. ,  cha 

Feet.   ■  Sec 
1.80 
1.90    , 
2.00 
2.10 

G&SK^  1     Dis- 
^eight.  1  charge.  ' 

Feet.     Sec.-ft. 
2.20             96    1 
2.30            103    1 
2. 40            110 
2. 50            118 

Gaffe  1     Dis- 
height.   charge. 

Feet. 
0.90 
1.00 
1.10 
1.20 
1.30 

Sec. 

i     . 

27 
32 
J7 
12 

1 
1 

Feet.      Sec'.-ft. 
1.40              48 
1.50    1         53 
l.(i0    1         59    , 
1.70    ;         65    I 

Feet. 
2.60 
2.70 
2.80 
2.90 

134 
143 
152 

Note.— The  above  table  is  applical)le  only  for  open-channel  conditions.    It  Is  bftsed  on  3  dischai^e 
measurements  made  during  1906  and  is  not  well  downed. 
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Month. 


September  21-^. 

October 

November 

December 


Discharge  In  second-feet. 

Total  in 

Maximum. 

Minimam. 

22 
22 
27 
27 

Mean. 

23.9 
29.9 
5h5  . 
34.2  1 

acre-feet. 

27 
42 
156 
50 

474 
1,840 
3.060 
2,100 

The  period. 


7,470 


Note. — Values  are  only  approximate  on  account  of  the  smali  number  of  measurements. 
MISSION    CREEK   NEAR   ST.  IGNATIUS,  MONT. 

Mission  Creek  rises  on  the  western  slope  of  the  Mission  Ban^e  and 
flows  across  the  Flathead  Reservation  into  Clark  Fork. 

The  station  was  established  September  21,1 906.  It  is  located  oppo- 
site the  home  of  A.  A.  Booke,  1  mile  downstream  from  St.  Ignatius. 
There  are  a  few  small  ditches  diverting  water  above  the  gage. 

The  channel  curves  both  above  and  below  the  station.  The  right 
bank  is  low  and  liable  to  overflow;  the  left  is  high  and  will  not  over- 
flow. The  current  is  swift.  The  bed  is  composed  of  gravel  and  is 
permanent.     There  is  one  channel  at  all  stages. 

Discharge  measurements  are  made  from  the  footbridge  to  which 
the  staff  gage  is  attached.  The  gage,  which  is  6  or  8  miles  below  the 
canyon,  is  read  morning  and  evening  by  Mrs.  A.  A.  Booke.  The  bench 
mark  is  a  large  spike  driven  horizontally  in  a  pine  tree  27  feet  back 
of  the  gage  on  the  left  bank,  below  a  blaze  in  the  tree  and  1  foot  above 
the  ground;  elevation,  7.05  feet  above  the  gage  datum. 

Discharge  vieasurements  of  Mission  Creek  near  St.  IgnaiiuSy  Mont.^  in  1906. 


Date. 


Hydrographer. 


September  21.. 
October  17.... 
November  19.. 


Wade  and  Foliansbee . . . 
FollanslMe  and  Richards 
R.  Richards 


Width.! 


Feet. 
30 
29 
28 


Area  of 
section. 

&u 

Dis- 
charge. 

25.9 
21.5 

Feet. 
0.78 
.76 
.66 

56.5 
46.5 

Daily  gage  height  ^  in  feet,  of  Mission  Creek  near  St.  Ignatius^  Mont.  ^  for  1906. 


Day.      Sc 

'pt.l  Oct.  1  Nov. 
...0.7      0.7 

Dec. 

0.5 
.55 
.55 
.66 
.55 
.65 
.55 
.65 
.55 
.56 
.55 

Day. 

Sept. 
*i 

Oct. 

Nov.- 

Dec. 

0.65 
.55  1 
.65 
.55 
.66 
.55 
.55 
.55 
.55 
.55 
.55 

Day. 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Sept. 

Oct. 

Nov. 

0.65 
.6 
.6 
.6 
.6 
.58 
.55 
.52 

Dec. 

1 

:  12.... 

13.... 
14 

0.7 
.7 
.7 
.7 
.7 
.72 
.72 
.72 
.7 

.1 

0.66 

175 

.82 

.82 

.72 

.7 

.65 

.7 

.65 

.65 

0.75 
.75 
.  7 
.7 
.7 
.  7 
.7 
.  7 

0.65 
.65 
.65 
.68 
.72 
.75 
.75 
.7 
.7 

0.65 

2 

3 

.7         .7 
...      .7         .7 

.55 
.6 

4 

...;   .7       .7 

...     .7    I    .7 
...      .7    !     .68 
...!    .7        .75 
...      .7        .7 
...     .76       .7 
...      .7         .65 
.   .      .7         .65 

15 . 

.6 

5 

16... 

.6 

6.      ... 

17 

.6 

7             1 

18 

(3 

8 !... 

9             i 

.19.... 
20  . 

■j 

.65 
.65 

lo::::::!::. 

11 1.. 

,  21 . . . . 
22.... 

1 

1    6.8 
.8 

I 

8078— IRR  21^^-07- 
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Rating  table  for  Mission  Creek  near  St.  Ignatius  j  Moni.,for  1906. 


Gage 
height. 

Dis- 
charge. 

Ga^e  1     Did. 
height.  1  charge. 

Gage 
height- 

Dla- 
chazge. 

Ga^  '     Dis- 
height.  1  chaige.  ■ 

Feet.   1  Sec.^t. 
0.80    '         65    > 

1 

Gage 
height. 

Dis- 
charge. 

Feet. 
0.50 

Scc.^. 

Feet.  1  Sec-ft. 
0.60            40 

Feet. 
0.70 

'"t 

Feet. 
O.W 

'"t 

Note.— The  above  table  is  applicable  only  for  open-channel  conditions.    It  Is  baaed  on  3  dischaiig« 

■'  '  (fined. 


measurements  made  during  I9u6  and  Is  not  well  del 

MorUhly  discharge  of  Mission  Creek  near  St.  Ignatius^  Mont.,  for  1906 


Month. 

Discharge  In  second-feet. 

Total  In 

Maximum. 

Minimum. 

Mean. 

54.4 
50.5 
48.1 
36.5 

acre-feet. 

September  21-^ : 

65 
57 
69 
40 

50 
45 
34 
33 

l.OSn 

October 

3.110 

November 

2,*en 

December. 

2.240 

The  period 

9,2rO 

• 

Note.— Values  are  only  fair  on  account  of  the  small  number  of  measurements. 
POST   CREEK   NEAR   ST.  IGNATIUS,  MONT. 

Post  Creek  rises  on  the  western  slope  of  the  Mission  Range  and 
flows  acrosa  Flathead  Reservation  into  Mission  Creek,  a  tributary  of 
Clark  Fork. 

The  gaging  station  was  established  September  21,  1906.  It  is 
located  at  the  upper  highway  bridge,  near  the  home  of  Joseph  Allard, 
10  miles  north  of  St.  Ignatius.  The  station  is  near  the  canyon  and 
only  two  small  ditches  divert  above.  Because  of  the  storage  possi- 
bilities of  McDonald  Lake,  the  source  of  Post  Creek,  and  also  because 
of  the  land  which  can  be  reached,  this  station  is  very  important. 

The  channel  is  straight  for  25  feet  above  and  100  feet  below  the 
gage.  The  current  is  very  swift.  Both  banks  are  wooded  and  will 
not  overflow.  The  bed  of  the  stream  is  composed  of  gravel  and  small 
bowlders  and  is  permanent.     There  is  one  channel  at  all  stages. 

Discharge  measurements  are  made  from  the  downstream  side  of  the 
highway  bridge. 

The  gage,  which  is  read  twice  each  day  by  Mrs.  Adaline  Allard, 
is  a  staff  fastened  to  the  overhanging  stump  at  the  right  end  of  the 
bridge.  The  bench  mark  is  a  headless  spike,  2  feet  above  the  ground, 
in  a  blaze  in  a  pine  tree  2  feet  in  diameter,  45  feet  from  the  left  bank 
and  18  feet  from  the  road;  elevation,  8.90  feet  above  the  gage  datum. 

Discharge  measurements  of  Post  Creek  near  St.  Ignatius,  Mont.,  in  1906. 


Date.         1                            Hydrographer. 

Width. 

Feet. 
22 
22 
25 

Area  of 
section. 

Gage 
height. 

Dis- 
charge. 

September  21. . . 
October  17 

0 rover  and  Follansbee. . . 

23.4 
29.6 

Feet. 
1.50 
1.51 
1.73 

^"■t. 

Follansbee  and  Richards 

58.8 

November  19. 

R.  Richards 

70.7 
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Daily  gage  height,  in  feet,  cf  Post  Creek  near  St.  Ignatius,  Mont.,  for  1906. 


BW.     Sept.  Oct. 

i            1 
Nov.  1  Dec.  t     Day. 

Sept.!  Oct. 

Nov. 

Dec. 

!o.,. 

Sept. 

1.5 
1.4 
1.5 
1.5 
01.5 
1.5 
1.4 
1.4 
1.4 

Oct.  '  Nov. 

1.4     1.7 
1.4     1.65 
1.4     1.55 
1.4      1.5 
1.4  1  1.5 
1.4  !  1.45 
1.4  .  1.4 

1.4  1.4 

1.5  1.4 

1 

Dec. 

1 L 

2 

3 

4 

:;:,  ti 

L5      1.4     12 

1.4  1    1.4      13 

1.4'    1.1,1  14 

1.4       1.3  '^  ISl 

i    1.5 

1.4 

«1.4 

,  al.4 

1.8 
1.8 
1.9 
2.0 
2.0 
1.9 
1.8 
1.7 
U7 
1.7 

1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 

22 

23 

24 

25 

,26 

27 

28 

29 

30 

31 

1.3 
1.3 
1.3 
1.3 

5. .....  .. 

1.5       1.3   !  16  ... 

0I.5 

1.3 

6 

7 

...      1.4 

1.5       1.3      17 

1.5       1.3      18 

I     1.5 

1     1.5 

1.3 
1.3 

8 

v..     1.4 

1.6       1.3      19 

Lft 

1.3 

9 

1.6       1.3      20 

::::::  lJ 

1.3 

10 

1.7       1.3      21 

1.7       1.3   1 

1 

1.5    1.4 

1.3 

11 

'    o  Interpolated. 
Rating  table/or  Post  Creek  near  St.  Jgnatius,  Mont.,  for  1906. 


heifi^t. 

Di8-    1 
chaige.  ! 

hei^t. 

Dis-     1   Gase 
chaige.  i^  height. 

Dis- 
chaige.  1 

75 

Gage        Dis-     1  Gage 
hei^t. ,  chaige.  |  height. 

Feet.     Sec.-ft.   !    Feet. 
1.90    J         81    .     2.00 

Dia- 
chaige. 

Sec-ft. 

Feet. 

1.30 

'     1.40 

See.-ft.   1    Feet.  '  Sec.-ft.       Feet. 
50         1.50             »         1.70 
54         1.60    I         64    ;      1.80 

1               1                ll 

Note.— The  above  table  Is  applieable  only  for  open-channel  conditions.    It  is  based  on  3  discharge 
^1  made  daring  1906  and  Is  not  well  defined. 


MojMy  discharge  of  Post  Creek  near  St.  Ignatius,  Mont.,  for  1906. 


Month. 

Dlschaige  In  second-feet. 

Total  In 

Minlmmn. 

54 

50 

Mean. 
57.0 

acre-feet. 

September  21-^ 

50 
64 

88 
54 

1,130 

October * 

3,410 
3,900 
3  090 

Nnvnmhpr 

54            65.5 
SO            50.3 

December .  .  _  .  . 

The  period . . . 

1 

11,530 

Note.— Values  are  only  fair  on  account  of  the  small  nmnber  of  measurements. 
JOCKO   RIVER   AT   RAVALLI,  MONT. 

Jocko  River  rises  in  the  southeastern  part  of  Flathead  Reservation 
and  flows  northwest  into  Clark  Fork. 

The  gaging  station,  which  was  established  October  18,  1906,  is 
located  400  feet  downstream  from  a  point  opposite  the  railroad  station 
at  Ravalli. 

The  channel  is  straight  for  several  hundred  feet  above  and  below 
the  gage.  Both  banks  are  sparsely  wooded  and  will  not  overflow 
except  at  very  high  stage.  The  current  is  swift,  and  small  rapids 
occur  a  short  distance  below  the  gage.  The  bed  of  the  stream  is  com- 
posed of  gravel  and  small  bowlders  and  is  permanent.  There  is  one 
channel  at  all  stages. 

Discharge  measurements  may  be  made  from  the  highway  bridge  1 
mile  upstream,  or  preferably  by  wading  at  or  near  the  gage.  In  high 
water  the  bridge  must  be  used. 
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The  gage,  which  is  read  daily  by  H.  F.  Lynn,  the  station  agent,  is 
a  staff  fastened  to  an  overhanging  tree  on  the  right  bank.  The  bench 
mark  is  a  nail  2  feet  above  the  ground  in  a  tree  25  feet  northeast  of 
the  gage;  elevation,  6.80  feet  above  the  datum  of  the  gage. 

Discharge  measurements  of  Jocko  River  at  Ravalli j  Mont.^  in  1906. 


Date. 

Ilydrographer. 

1 
Follansboe  and  Richards 

Width. 

Feet. 
46 
67 

Area  of 
section. 

Gaffe     !      Dis- 
heij^t.      charge. 

October  18  » 

120 

Feet.        Sec.-ft. 
1.69  1             l.W 

November  20  6.. 

R.  Richards 

2. 14                317 

a  Measured  at  bridge.  b  Measured  by  wading  at  gage. 

Daily  gage  height^  in  feet,  of  Jocko  River  at  RavaUij  Mont.  ^  for  1906. 


Day. 


Oct.    Nov. ,  Dec. 


1 

2. 

3 

4.                       1  .       . 

5:::::::::::::i:::::: 

6.       . 

7 

8.         ... 

9 

10. 



11 

'  1.75 
I  1-75 

'}:7  I 
!1' 


1.8 
1.8 
1.8 
1.8 
1.8 
1.85 
1.8 
1.8 
1.8 
1.85 


Day. 

[  Oct.  i  Nov. 

Dec.! 

1-8.^ 

Day. 

Oct.    Nov. 

1.65  1.85 

1.66  1.85 
1.65     1.85 
1.65     1.85 

2.0  1.85 

2.1  1.8 
1.95     1.8 

Dcc- 

12 

13 

14 

..' ;  1.8 

22 

1-8 

!  2.1    1  1.8 

;  2.15  1  1.8 

..l 1  2.76     1.8 

23 

1.8 

24 :.:.:. 

1.8 

15 

25 

l.S 

16 

.-' [2.7 

.., 1  2.6 

..    1.65  1  2.3 
..    1.65  1  2.1 
..    1.65  1  1.95 
.."  1.65  '  1.9 

!     1 

1.8 
1.8    , 
1.8 
1.75  , 
1.8 
1.8 

26 

1.85 

17:::.:::::: 

27 

1.9 

18 

28 

1.9 

19 

29 

1.9 
1.8 
1.8 

1.8 
1.8 

1.85 

20 

30 

21 

31 

MISCELLANEOUS   MEASUREMENTS. 


The  following  miscellaneous  measurements  were  made  in  Clark 
Fork  drainage  basin  in  1906: 

Miscellaneous  ineasurem^ents  in  Clark  Fork  drainage  basin. 


Date. 


Stream. 


Locality. 


T 


Width. 


September  20..   Mud  Creek |  Highway  bridge  near  Ro- 


September25. 


South  Fork  of  Flat- 
head River. 


dont. 
Columbia  Falls,  Mont . 


Feet. 


195 


Area  of,   Gage 
section,  height. 


t 
312      I 


Feet. 
1.51 


Dis- 
charge. 

Sec.-ft. 
2.35 


SPOKANE  RIVER  DRAINAGE  BASIN. 

DESCRIPTION    OF   BASIN. 

Spokane  River  has  its  source  in  Lake  Coeur  d'Alene,  Idaho,  flows 
westward  through  Washington  for  about  120  miles,  and  empties  into 
Columbia  River.  Its  drainage  area  consists  of  rough  mountainous 
land,  more  or  less  timbered,  interspersed  here  and  there  with  valleys 
or  level  table-lands  of  tillable  areas. 

The  rainfall  in  this  basin  is  approximately  20  inches  per  annum, 
and  the  region  is  vsemiarid.  The  principal  tributary  streams  are  Hang- 
man Creek,  Little  Spokane,  and  Chamokane  rivers. 
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The  waters  of  the  streams  are  largely  used  for  irrigation,  power, 
and  municipal  water  supply.  The  city  of  Spokane  is  furnished  with 
an  abimdance  of  electric  power  from  plants  at  Spokane,  Wash.,  and 
Post  Falls,  Idaho.  The  waters  of  Little  Spokane  River  are  in  great 
demand  for  irrigation  development. 

SPOKANE   RIVER   AT   SPOKANE,    WASH. 

This  gaging  station  was  originally  established  October  17,  1896,  on 
the  Oregon  Railroad  and  Navigation  Company's  wooden  bridge,  about 
1  mile  above  the  falls,  where  discharge  measurements  and  gage  read- 
ings were  taken  xmtil  July  8,  1903,  the  gage  datum  being  1,880  feet 
above  sea  level  by  city  datum  and  1,865  feet  by  Government  datum. 

March  30,  1904,  a  cable  station  was  established  about  one-half  mile 
above  the  Mission  Street  Bridge,  or  1  mile  above  the  former  station 
at  the  Oregon  Railroad  and  Navigation  Company's  bridge.  The 
conditions  at  this  station  and  the  bench  marks  are  described  in  Water- 
Supply  Paper  No.  178,  page  25,  where  are  given  also  references  to 
publications  that  contain  data  for  previous  years. 

The  following  measurement  was  made  October  1,  1906: 

Width,  195  feet;  area,  1,630  square  feet;  gage  height,  1.28  feet;  discharge,  1,330 
second-feet. 

Daily  gage  height,  in  feet,  of  Spokane  River  at  Spokane,  Wash.,  for  1906. 


Day. 


Jan.      Feb.     Mar. 


2.16 
2.16  , 
2.14 
2.13 
2.00 


6 !  2.03 

7 '  2.26 

8 i  2.17 

9 '  2.19 

10 2.17 


t 


11. 
12. 
13. 
14. 
lo. 


16.. 
17.. 
18-. 
19.. 
20.. 

21.. 
22.. 
23.. 
24.. 
25.. 

26. 
27.. 
28. 
29. 
30. 
31. 


2.18 
2.19 
2.21 
2.22 
2.24 

2.23 
2.25 
2.24 
2.24 
2.21 


2.83 
2.96 
3.10 
3.21 
3.32 

3.50 
3.40 
a.  80 
a.T9 
3.74 

3.75 
a.  74 
3.72  : 
3.56  I 
3.40  ' 


5.40 
5.38 
5.32 
5.24 
5.20 

5.12 
5.04 
4.96 
4.96 
4.05 

4.93 
4.91 
4.90 
4.86 
4.83 


Apr.  '  May.    June. 


3.37  4.82  I 
a.32  4.70 
3.34  I  4.60 

3.38  I  4.52  I 
3.70  '  4.45  I 


4.37 
4.31 
4.22 
4.18 
4.18 

4.24 
4.35 
4.60 
4.80 

2.73    •    6.03 

2.78   1    5.30 

t 


2.21 

4.11 

2.22 

4.47 

2.24 

4.74 

2.26 

4.97 

2.29 

5.10 

2.36 

5.24 

2.47 

5.33 

2.62 

6.39 

2.67 

5.63 
6.10  , 
6.36  I 
6.62  ! 

6.77  ; 
1 

6.80  ' 
6.90 
7.09 
7.30 

7.55 ; 

7.78  ! 
7.90 
7.97 
8.00 
7.93 

7.91 
7.92 
8.02 
8.06 
8.11 

8.31 
&33 
8.48 
8.80 
9.18 

9.23 
9.31 
9.22 
9.11 
9.04 


8.91 ; 

8.81  I 
a71 
8.60 
8.60 

8.51 
a37  I 
8.22 
8.05 
7.90 

7.77 
7.71 
7.68 
7.60 
7.55 

7.44  I 

7.32 

7.18 

7.00 

6.85 

6.70  ' 
6.55 
6.46  , 
6.35 
6.25 

6.02 
6.04 
6.03 
5.94 
6.00 
6.05 


6.31 
6.37 
6.41 
6.41 
6.37 

6.31 
6.23 
6.16 
6.12 
5.96 

5.92 
5.82 
5.80 
6.73 
5.62 

5.51 
5.41 
5.32 
5.21 
5.11 

5.01 
4.93 
4.83 
4.74 
4.64 

4.52 
4.45 
4.36 
4.32 
4.25 


July.     Aug. 


4.16  I 

4.07 

3.96 

3.87 

3.81 

3.72  , 

3.66 

3.59 

3.53 

3.38 

3.29 
3.16 
3.06 
2.96 
2.92  i 

2.89 
2.83 
2.85 
2.65 
2.73 

2.58 
2.50 
2.47 
2.49 
2.38 

2.34 
2.25 
2.26 
2.18 
2.26 
2.21 


Sept. 


2.15 
2.10 
2.09 
2.14 
1.73 

1.80 
1.92 
1.95 
2.05 

1.78 

1.76 
1.73 
1.73 
1.76 
1.80 

1.84 
1.91 
1.75 
1.56 
1.77 

1.76 
1.95  I 
1.76 

1.63  I 

1.64  : 


Oct.   I  Nov. 


1.64 
1.70 
1.54 
1.53 
1.63 

1.59 
1.58 
1.63  I 
1  85  ; 
1.60  I 

1.63 
1.65  I 
1.56 
1.50 
1.56 

1.53 
l.,50 
1.58 
1.67 
1.62 

1.43 
1.43 
1.42 
1.40 
1.65 


1.40  I 
1.59  I 
1.52  I 
1.46 
1.49  ■ 

1.54 
1.60 
1.35 
1..55 
1.47 

1.46 
1.51 
1.45 
1.56 
1.33 

1.63 
1.53 
1  70 
1.65 
1.71 

1.70 
1.63 
1.65 
1.63 
1.68 


1.81 
1.84 
1.90 
1.67 
1.53 

1.82 
1.76 
1.97 
2.a5 
2.07 

1.93 
1.70 
1.94 
1.80 
1.90 

2.91 
2.67 
3.03 
0  4.59 
3.72 

4.20 
4.56 
3.90 
4.03 
4.06 


Dec. 


3.27 
3.24 
3.20 
3.15 
3.28 

03.90 
3.65 
3.61 
3.74 
3.76 

4.00 
3.65 
3.43 
3.49 
3.46 

3.43 
3.38 
3.44 
3.38 
3.45 

3.43 
3.50 
3.48 
3.51 
3.92 


1.70 

1.53 

1.66  ' 

4.07 

4.20 

1.63 

1.57 

1.62 

4.05 

4.  ^'i 

1.76 

1-57 

1.81 

4.01 

5.00 

l.ftT) 

1.62 

1.54 

3.91 

5.50 

1.68 

1.60 

1.70  1 

3.81 

5.65 

1.60 

1.73 

5.70 

a  Backwater  due  to  log  jams. 

Note.— The  river  at  this  point  does  not  freeze  on  account  of  the  underground  flow  of  water  which 
comes  throofi^  the  gravel  above  the  station  and  into  the  river  again. 
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Rating  table  for  Spokane  River  at  Spokane,  Wash,,  for  J  906. 


Gam 
hei^t. 

Dis- 
charge. 

Gaee 
heigLt. 

Feet. 

Dis- 
charge. ; 

Sec.-ft.  ' 

he^t. 
Feet. 

Dis- 
charge. 

Sec.-ft. 
4,060 

Gage 
hei^t. 

1    Feet. 

Dis- 
charge. 

Sec.-ft. 

Gage 
heij^t. 

Dis- 
charge. 

Feet. 

Sec.-ft. 
1,000 

I    Feet. 
1     6.80 
!!    7.00 

Sec.-ft. 

1.00 

2.10 

2,340 

3.20 

'    4.60 

6,660 

11,340 

1.10 

1,100 

,    2.20 

2,400 

3.30 

4,250 

4.80 

7,OS0 

11,830 

1.20 

1,200 

2.30 

2,640 

3.40 

4420 

,    5.00 

7450 

8.00 

14,490 

1.30 

1,300 

1    2.40 

2,790 

3.50 

4,600 

5.20 

7,850 

!    9.00 

17,380 

1.40 

1,410 

2.50 

2,940 

3.60 

4,780 

1    5.40 

8,250 

10.00 

20,580 

1.50 

1,520 

2.69 

3,100 

3.70 

4,960 

5.60 

8,660 

1  11.00 

23,980 

1.63 

1,640 

2.70 

3,260 

3.80 

5,140 

!    5.80 

9,080 

1  12.00 

27,580 

1.70 

1,760 

2.80 

3,420 

3.90 

5,330 

6.00 

9,510 

', 

1.80 

1,900 

2.90 

31580    ' 

4.00 

5,520 

6.20 

9,950 

1.90 

2,040 

3.00 

3,740 

4.20 

5,900 

6.40 

10,400 

2.00 

2,190 

3.10 

3,910 

4.40 

6,280 

6.60 

10,860 

1 

Note.— The  above  table  ia  based  on  22  discharge  measurements  made  during  1904-1907  and  is  well 
defined  between  gage  heights  1.4  feet  and  12.0  feet. 

Monthly  discharge  of  Spokane  River  at  Spokane ,  Wash.,  for  1906. 
[Drainage  area,  4,000  square  miles.] 


Month. 


January 

February 

March 

April 

M:ay 

June 

July 

August 

September 

October 

November 

December ' 

The  year 


1         Discharge  in  second-feet. 

ToUl  in 

Run-off. 

1  Maximum.   Minimum. 

Mean. 

acre-feet. 

8ec.-ft.per 
sq.  mife. 

a650 

Depth  in 
inches. 

3,390             2,190  1 

2,600 

160,000 

0.75 

8,230              3,470  1 

5,320 

295,000 

1.33 

1.38 

8,250              5,860  • 

7,050 

433,000 

1.76 

2.0CJ 

18,400              8,720  i 

14,200 

845,000 

3.55 

3-% 

17,100              9,380 

12,800 

787,000 

3.20 

a.6y 

10,400  ,           6,000 

8,440 

502,000 

2.11 

2.Z.S 

!           5,820  '           2,460  ' 

3,790 

233.000 

.m 

Loy 

'           2,420  ,            1,590 

1,920 

118,000 

.480 

..=« 

1,970              1,410  ' 

1,610 

95,800 

.402 

.45 

1,910              1,360  1 

1,620 

99,800 

.405 

.47 

1           6,640              1,560  I 

3,600 

214.000 

.900 

l.OD 

1            8,870  1            4,000  1 

5,210 

320,000 

1.30 

1.50 

i          18,400  1            1,360 

:               1               1 

5,680 

4,100,000 

1.42 

19.22 

Note.— Values  are  rated  as  excellent. 

MISCELLANEOUS    MEASUREMENTS. 

The  following  miscellaneous  measurements  were  made  in  Spokane 
River  drainage  basin  in  1906: 

Spokane  River. — A  measurement  was  made  at  low  water  October 
1,  1906,  at  Spokane  Bridge,  near  the  Idaho- Washington  State  line. 

Width,  163  feet;  area,  778  square  feet;  discharge,  803  aecond-feet. 

A  measurement  was  made  at  medium  stage  November  12,  1906, 
in  sec.  24,  T.  27  N.,  R.  39  E. 

Width,  154  feet;  area,  760  square  feet;  discharge,  2,500  second-feet. 

OKANOGAN  RIVER  DRAINAGE  BASIN. 

DESCRIPTION    OF   BASIN. 

Okanogan  River  rises  in  Okanogan  Lake,  in  British  Columbia,  and 
flows  southward,  entering  Columbia  River  near  Brewster,  Wash. 
Its  course  in  Canada  lies  through  a  series  of  narrow  lakes.  The 
drainage  area  is  comparatively  rough  and  mountainous,  and  is  tim- 
bered except  along  the  river.  The  rainfall  is  approximately  20  inches 
per  annum.     The  principal  tributaries  in  the  United  States  are  Sim- 
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ilkameen  and  Conconully  rivers  and  Antwine,  Bonaparte,  Salmon, 
and  Johnson  creeks. 

The  main  stream  is  navigable  from  Brewster  to  Riverside  except 
during  low-water  periods,  while  the  tributaries  are  used  largely  for 
irrigation. 

SALMON    CREEK   NEAR  MALOTT,  WASH. 

This  station  was  established  April  11,  1903.  It  is  located  opposite 
R.  D.  Jones's  house,  on  the  county  road  halfway  between  Malott 
and  Conconully,  Okanogan  County.  It  is  reached  by  way  of  the 
Great  Northern  Railway  to  Wenache,  thence  by  way  of  the  Colum- 
bia River  steamers  to  Brewster,  and  by  the  Conconully  stage  from 
Brewster  to  Jones's  ranch.  The  conditions  at  this  station  and  the 
bench  marks  are  described  in  Water-Supply  Paper  No.  178,  page  32, 
where  are  given  also  references  to  publications  that  contain  data  for 
previous  j^ears. 

Daily  gage  height^  infeety  of  Salmon  Creek  near  Malott^  Wash,  j  for  1906. 


Day. 


1. 

2. 

3. 
4. 

5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 

14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

2fi. 
27. 
28. 
29. 
30. 
31. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 
2.21 

July. 

Aug. 

Sept. 
0.49 

Oct. 

Nov. 

Dec. 

0.60 

0.75 

0.70 

1.52 

1.42 

1.46 

0.92 

0.54 

0.69 

0.71 

.68 

.74 

.69 

1.33 

1.38 

2.02 

1.40 

.88 

.46 

.60 

.69 

.60 

.67 

.73 

.68 

1.25 

1.44 

2.00 

1.33 

.83 

.46 

.54 

.71 

.71 

.60 

.70 

.66 

1.29 

i.a3 

2.29 

1.29 

.83 

.44 

.54 

.83 

.67 

.70 

.70 

.68 

1.40 

1.25 

2.00 

1.25 

.81 

.44 

.58 

1.00 

.67 

.71 

.69 

.73 

1.50 

1.23 

2.00 

1.23 

.81 

.44 

.54 

.96 

.67 

.70 

.70 

.72 

1.54 

1.19 

1.96 

1.27 

.79 

.44 

.56 

.83 

.69 

.71 

.65 

.74 

1.33 

1.19 

1.83 

1.14 

.75 

.46 

.60 

.75 

.67 

.73 

.65 

.75 

1.25 

1.21 

1.79 

1.12 

.75 

.50 

.66 

.75 

.71 

.70 

.58 

.75 

1.10 

1.21 

1.83 

1.08 

.75 

.50 

.64 

.81 

.73 

.71 

.60 

.70 

1.14 

1.25 

1.96 

.98 

.71 

.57 

.66 

.79 

.71 

.71 

.58 

.68 

1.11 

1.25 

2.12 

1.00 

.67 

.54 

.67 

.79 

.67 

.73 

.66 

.70 

1.12 

1.29 

2.02 

.99 

.67 

.58 

.67 

.75 

.69 

.73 

.58 

.73 

1.17 

1.33 

2.00 

.92 

.71 

.60 

.67 

.81 

.67 

.70 

.64 

.70 

1.21 

1.77 

1.96 

.90 

.67 

.62 

.69 

1.38 

.67 

.69 

.66 

.70 

1.31 

1.41 

1.83 

.88 

.66 

.64 

.73 

1.12 

.69 

.67 

.66 

.66 

1.31 

1.29 

1.83 

.83 

.58 

.58 

.67 

.90 

.69 

.67 

.66 

.66 

1.25 

1.27 

1.79 

1.05 

.56 

.58 

.67 

.83 

.71 

.60 

.70 

.70 

.   1.25 

1.25 

1.71 

1.00 

.54 

.56 

.64 

.83 

.71 

.70 

.75 

.66 

1.33 

1.31 

1.67 

1.00 

.52 

.58 

.67 

.79 

.73 

.71 

.75 

.70 

1.44 

1.29 

1.62 

1.05 

.54 

.56 

.62 

.83 

.71 

.71 

.87 

.70 

1.56 

1.40 

1.58 

1.35 

.58 

.64 

.67 

.79 

.73 

.73 

.77 

.75 

1.52 

1.46 

1.54 

1.31 

.&) 

.54 

.67 

.79 

.73 

.72 

.75 

.83 

1.43 

1.35 

1.52 

1.25 

.58 

.54 

.67 

.75 

.67 

.73 

.73 

.87 

1.29 

1.32 

1.60 

1.12 

.66 

.56 

.67 

.77 

.67 

.73 

.75 

.87 

1.29 

2.42 

1.47 

1.05 

.56 

.64 

.67 

.76 

.54 

.74 

.73 

.85 

1.29 

2.75 

1.58 

1.00 

.54 

.54 

.71 

.75 

.46 

.75 

.70 

.83 

1.33 

2.35 

1.71 

1.00 

.54 

.64 

.69 

.76 

.60 

.75 

.82 

i.a3 

2.10 

1.54 

.96 

.52 

.60 

.67 

.75 

.71 

.73 

.86 

1.35 

2.08 

1.46 

.94 

.50 

.64 

.67 

.73 

.67 

.73 

1.42 

2.12 

.92 

.50 

.67 

.67 

Note.— The  creek  never  freezes  at  the  gage. 

JOHNSON    CREEK   NEAR   RIVERSIDE,  WASH. 

This  station  was  established  May  30,  1903.  The  weir  was 
destroyed  July  30,  1904,  and  the  station  discontinued,  but  it  was 
replaced  April  30,  1905,  and  the  records  resumed.     It  is  located  at 
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Sogle's  ranch,  on  the  road  from  Riverside  to  Conconully,   1  mile 
from  Riverside  and  17  miles  from  Conconully. 

The  right  bank  of  the  stream  is  low  for  10  feet  back  from  the 
water's  edge  and  then  it  rises  more  abruptly.  The  left  bank  is 
steep  and  rocky.     The  bed  of  the  creek  is  composed  of  small  gravel  . 

The  equipment  consists  of  a  sharp-crested  weir  with  an  8-foot 
opening  and  vertical  sides.  Below  the  level  of  the  crest  the  weir 
consists  of  two  2-inch  pine  planks,  12  inches  wide;  securely  spiked 
together.  Above  the  crest  on  each  end  are  two  planks  12  inches 
wide,  which  form  the  ends  of  the  weir.  The  edges  of  the  crest  and 
ends  are  one-fourth  inch  wide  and  beveled  on  the  downstream  side 
to  an  angle  of  60°.  The  pool  above  the  weir  is  10  feet  long,  10  to 
15  feet  wide,  and  1  foot  deep  below  the  crest.  The  water  has  a  fall 
of  about  1  foot  after  passing  the  weir  and  then  flows  rapidly  away. 

The  depth  of  the  water  on  the  crest  is  determined  by  a  hook  gage 
and  vernier  reading  to  thousandths  of  a  foot.  The  zero  on  the  gage 
is  0.10  foot  above  the  crest  of  the  weir.  During  1905  and  1906 
the  gage  readings  were  made  once  each  day  by  Mrs.  S.  Sogle.  The 
bench  mark  is  the  top  of  the  fence  opposite  the  weir;  elevation, 
12.91  feet  above  zero  of  the  gage  and  1,241.54  feet  above  sea  level. 

A  description  of  this  station,  with  discharge  data,  is  contained  in 
Water-Supply  Papers  Nos.  100  and  135,  United  States  Geological 
Survey. 

Daily  discharge,  in  second-feet,  of  Johnson  Creek  at  Riverside,  Wash.,  for  1905-6. 


"Day. 


1905. 
1 

2                          1.           L...  ..1.  .       

z, ':::::::i..::::J:::  ;:i::::::: 

4 ; ; 1 

6  :          \ . .:  L......L      1.. ..:. 

6 1 1 

7 

8 ' 

I........ 

9 

10 

1 

11 

1 

12 

13 1 

1. ...;.. 

14 ' 



15 

16 

17 

18 



19 

20... 



21 '.. 

1       1 

22..          .          ..1 

23 

1  "■  * 

24...                     .1 

25 

■  1 

1 
26 ' 

1 

27 

28 , 



m:::::::::::::::i. .::::: 

30 

3i:::::::::::::::i:.;::::  ::::::: 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

11.7 

6.3 

10.8 

6.2 

6.1 

8.3 

ao 

9.5 

11.6 

6.3 

10.4 

6.7 

a2 

a3 

ao 

11.3 

11.4 

9.0 

9.9 

6.3 

6.4 

7.6 

ao 

11.4 

11.1 

10.4 

8.8 

&2 

6.8 

7.4 

7.9 

1L5 

11.0 

9.1 

8.1 

dl 

6.1 

ai 

7.9 

7  9 

10.7 

8.8 

6.8 

6.0 

6.9 

a7 

7.9 

7.9 

1     10.7 

&9 

6.5 

5.8 

6.9 

9.3 

7.9 

ao 

10.6 

8.7 

6.5 

5.6 

6.0 

ai 

ao 

7.9 

11.1 

8.1 

6.6 

5.4 

a4 

7.5 

ao 

g.4 

10.8 

&0 

5.6 

5.4 

6.2 

7.3 

ai 

8L5 

10.7 

9.5 

4.6 

ai 

6.1 

7.2 

ai 

a4 

9.7 

8.3 

6.1 

5.8 

6.1 

7.1 

ao 

a4 

9.5 

7.6 

5.0 

6.8 

8.3 

a9 

ai 

a4 

6.8 

7.1 

6.6 

6.6 

8.5 

as 

a3 

ao 

6.1 

6.9 

6.6 

5.8 

6.9 

7.8 

as 

a9 

7.7 

6.9 

4.6 

6.0 

7.0 

7.4 

a4 

as 

7.7 

6.8 

6.8 

6.2 

7.6 

7.4 

a4 

as 

6.4 

6.8 

7.6 

6.2 

7.4 

7.6 

a4 

a7 

5.9 

6.8 

a4 

6.1 

7.0 

7.9 

12.5 

9.0 

a2 

6.7 

6.0 

5.8 

7.2 

7.9 

12.1 

as 

6.7 

6.6 

5.3 

5.6 

7.3 

7.9 

9.7 

a7 

7.1 

6.8 

6.1 

5.4 

7.1 

7.9 

a8 

ao 

9.5 

6.6 

5.1 

6.4 

6.3 

ao 

a7 

7.6 

9.6 

7.3 

6.1 

5.6 

6.3 

ai 

ao 

9.0 

7.1 

9.0 

5.1 

6.5 

as 

7.9 

a7 

a4 

ai 

9.5 

5.1 

6.6 

7.3 

7.9 

a7 

a4 

7.2 

13.6 

6.4 

6.7 

12.5 

7.9 

a3 

ai 

7.2 

12.2 

6.0 

6.7 

12.3 

7.9 

7.9 

ao 

7.1 

11.5 

7.0 

6.4 

9.1 

ao 

7.9 

7.9 

4.6 

10.8 

6.6 

5.7 

8.0 

ao 

9.2 

7.9 

6.1 



6.2 

ao 
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Daily  discharge^  in  second-feet,  of  Johnson  Creek  at  Riversidej  Wash.,  for  1905-S — Cont'd. 
Day. 


Jan.  I  Feb.  ;  Mar.     Apr. 


I 


i9oa 

1 4.6 

2 &3 

3 8.1 

4 7.9 

5 1  7.9 

6 7.9 

7 ;  6.3 

8 1  8.1 

9 a2 

10 7.9 

11 '  14.1 

12 &4 

13 ^  &6 

14 8.5 

15 &0 

16 1  8.2 

17 ao 

18 1  &1 

19 1  33.6 

20 !  10.1 

21 7.6 

22 !  7.9 

23 1  9.2 

24.* ,  10.1 

25 10.1 

26 1  10.0 

27 9.5 

28 9.1 

29 1  9.2 

30 9.4 

31 1  9.6 


June. !  July.    Aug.     Sept.     Oct.     Nov.    Dec. 


3.5 
3.4 
3.1 
3.0 
2.6 

2.8 
2.8 
3.1 

ai 
ai 


4.1  I 

4.1 

4.2 

4.2 

4.3 

4.4 
4.6 
4.2 

^2  i 

4.2 


4.8, 

4.9 
5.1  I 
&8 

ai 

5.7 

a6 

&7 
6.0  I 

a8 


1&8 

ia2 

11.3 
10.7 
12.2 

10.8 
11.3 
10.1 


a7 

7.3 

a7 

7.1 

a7 

6.6 

a7 

&7 

9.0 

&6 

lao 

a2 

4.3 

6.8 

a4 

4.4 

&7 

4.6 

4.4 

5.9 

4.9 

4.6 

a4 

4.9 

4.4 

7.3 

4.4 

4.5 

7.3 

4.1 

4.5 

ae 

4.4 

4.4 

a4 

4.2 

4.4 

ao 

43 

4.5 

ai 

4.2 

4.6 

ai 

4.2 

4.5 

a  2 

4.2 

4.5 

ai 

4.4 

4.6 

ao 

4.4. 

4.6 

ao 

4.3 

4.6 

ai 

4.4 

4.6 

&8 

4.1 

4.6 

ai 

4.1 

4.5 

ai 

4.1 

4,8 
4.7 

ao 
....... 

ai 
a  3 
a4 
a  4 
a6 

7.3 
7.1 

a  9 
a  6 
a5 

ag 
a8 
ae 
a  6 

5.6 
5.6 

a? 
a5 

7.9 
7.3 

7.2 
7.4 
7.3 
7.2 
7.2 

7.1 
7.0 
7.3 
7.3 

7.1 

a  4 


Note.— Ttaeoe  dischaigBS  were  obtained  from  the  Cipi>olettl  weir  formula,  using  the  gage  heights  cor- 
rected to  give  the  head  on  crest  of  weir. 

Monthly  discharge  of  Johnson  Creek  at  Riverside ,  Wash.  ^  for  1905-6. 


[Drainage  area.  66  square  miles.] 

Discharge  in  second-feet. 

Total  in 
acre-feet. 

531 
497 
395 

368 
428 
480 
509 
532 

Run-ofl. 

Month. 

Maximum. 
11.7 

ia6 

10.8 
a7 

12.5 
9.3 

12.5 

11.5 

Minimum.      Mean. 

Sec.-ft.  per 
sq.  mile. 

0. 131 

.127 
.097 
.091 
.109  , 
.118  1 
.130 
.131  ^ 

Depth  in 
inches. 

1905. 
May 

4.6             a64 

0.15 

J  une 

a3 

4.6 

a4 

a  8 

a  36 
a43 

5.99 
7.19 

.14 

July 

.11 

A  ll^lMt , 

.10 

September 

.12 

October 

a  8  1         7. 81 

7. 9  1         a  56 
7.  0  1          a  65 

.14 

Nnvf»Tnhef .  - 

.14 

December 

.15 

The  period 

1 

3,740 

1 

1906. 
January ........ 

33. 6                  4.  A 

9.44 
10.4 
9.02 
8.1ft 

580 
578 
555 
486 
239 
308 
130 
116 
228 
273 
370 
417 

.143  1 

.158  ■ 

.137 

.124 

.050  i 

.078 

.032 

.028 

.058 

.067 

.094 

.103 

.16 

Pphmary _ 

17.5 

lao 

12.2 
9.8 
a  8 
a3 
a  8 

4.9 

4.8 

a4 
as 

ai 

7.6 

a6 

.16 

March 

.16 

April 

.14 

May 

1.8  '           a  88 

.07 

June 

ai 

1.0 
1.0 
2.6 
4.1 
4.8 

a  18 

2.12 
1.88 
a84 
4.44 

a  22 

.09 

July 

.04 

A  ugYi<rt 

.03 

September 

.06 

October 

.08 

November : 

.10 

December 

a  4         a  78 

.12 

The  year 

33.6 

1.0 

5.95 

4.280 

.090 

1.21 

NoTK.— Values  for  1905-6  are  excellent. 
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MBTHOW  RIVER  DRAINAGE  BASIN. 

METHOW   RIVER   AT   PATEROS,    WASH. 

Methow  River  heads  on  the  eastern  slope  of  the  Cascade  Range 
in  northern  Washington  and  flows  southeast  into  the  Columbia 
River.  Its  drainage  area  throughout  is  mountainous  and  heavily 
timbered.  The  rainfall  varies  from  40  inches  at  the  headwaters  to 
20  inches  near  the  mouth  of  the  stream.  The  waters  of  the  smaller 
tributaries  are  largely  used  for  irrigation. 

This  station  was  originally  established  May  3,  1903,  on  a  highway 
bridge  about  1,000  feet  above  the  mouth  of  the  river;  the  first  two 
measurements  were  taken  from  this  bridge.  During  the  summer 
of  1903  the  bridge  was  washed  away,  and  a  temporary  bridge  400 
feet  farther  downstream  was  used  in  making  the  measurement  of 
March  20,  1904.  During  the  spring  of  1904  this  bridge  also  was 
abandoned  because  of  its  temporary  nature  and  the  poor  section 
at  this  point,  and  a  cable  station  was  estabUshed  about  a  mile  above 
the  mouth  of  the  river.  The  conditions  at  this  station  and  the 
bench  marks  are  described  in  Water-Supply  Paper  No.  178,  page  35, 
where  are  given  also  references  to  publications  that  contain  data 
for  previous  years. 

The  following  measurement  was  made  December  29,  1906.  There 
was  a  narrow  strip  of  ice  on  each  bank. 

Width,  154  feet;  area,  342  feet;  gage  height,  4.12  feet;  discharge,  489  second-feet. 
Daily  gage  height^  in  feet,  of  Meihow  River  at  Pateros,  Wash.,  for  1906. 


Day. 


Jan.  i  Feb.     Mar. 


7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28., 
29. 
30. 
31. 


3.9  3.9 

3.9  ;    3.9 

3.9  3.9 

a  4.1  I    3.9 

4.1  I    3.9 


4.1 

4.1 

3.95 

3.95 

3.95 

3.95 

4.0 

4.15 

4.45 

4.1 

4.1 
4.1 
4.1 
4.1 
4.1 

4.1 

4.1 

4.2 

4.25 

4.15 

4.15 

4.15 

4.1 

4.0 

3.9 

3.9 


3.9 
3.8 
3.8 
3.8 
3.8 


3.9 

3.9 

3.95 

3.95 

3.95 

3.95 
3.95 
3.95 
4.0 
4.0 


3.9 

4.0 

4-0 

3.9 

4.0 

a9 

3.9.5 

3.9 

3.95 

3.95 

3.95 

3.95  , 

3.95 

3.95 

4.0 

3.95 

4.0 

3.95 

4.05 

3.95 

4.0 

3.95 

3.95  1 

3.95 

3.95  I 

3.95 

3.95 

4.0 

3.95  ' 

4.05 

3.95 

3.9 

3.95 


4.06  I 
4.1    I 
4.15 
4.15  , 
4.25 
4.5 


Apr. 

4.55 
4.55 
4.55 
4.65 
4.8 

5.2 

5.7 

5.8 

5.65 

5.5 

5.4 
5.3 
5.2 
5.2 
5.3 

5.5 
5.5 
5.6 
6.7 
5.7 

6.1 
6.8 
7.0 
6.8 
6.5 

6.3 
6.3 
6.35 
6.35 
6.95 


May.. 


7.35 

7.5 

7.8 

7.6 

7.2 

7.0 

6.95 

7.0 

7.1 

7.2 

7.75 

7.8 

7.8 

7.1 

7.3 

7.0 

6.9 

6.7 

6.65 

6.6 

6.6 
6.6 
6.65 
6.75 
6.75 

10.5 
10.5 
0.2 
9.0 
8.7 
S.4 


June. 


8.3 
8.3 
&3 
9.5 

a5 

&2 
7.8 
7.& 
7.0 
7.3 

7.3 
&3 
8.0 
7.6 
7.2 

7.4 

7.1 

6.8 

6.75 

6.7 

6.7 
6.65 
6.6 
6.55 
6.75  I 

7. 25  i 
7.4    1 
7.4    I 
7.0 
6.6    I 


July. 


6.4 
6.5 
6.6 
6.7 
6.76 

6.85 

7.0 

6.6 

6.4 

6.25 

6.15 
6.0 
5.95  I 
5.8 
5.7"   ' 

5.6    I 
5.5    I 
5.4 
5.35  I 
5.25  I 


Aug.     Sept.  I  Oct.  !  Nov.  j  Dec 


4.65 

4.6 

4.55 

4.55 

4.56 

4.55 
4.45 
4.45 
4.45 
4.45 

4.4 
4.4 
4.4 
4.4 
4.4 

4.4 

4.35 

4.3 

4-25 

4-25 


4.15 

1.0 

4.45 

4.15 

4.0 

4.4 

4.1 

4.0 

4.4 

4.1 

4.0 

4.45 

4.05 

4.0 

4.45 

4.a5 

4-0 

4-45 

4.05 

3.95 

4.4 

4.05 

3.95 

4-45 

4.05 

a95 

4.4 

4.1 

3.95 

4.45 

5.2 

4.2 

5.15 

4.25 

6.05 

4.2S! 

5.0 

4.2.5  1 

4.95 

4.25  i 

4.9 

4.25 

4.85 

4.2 

4.8. 

4.2 

4.8 

4,15 

4.75 

4.15 

4.7 

4.15 

4.1 
4.1 
4.1 
4.1 
4.1 

4.1 
4.1 
4.1 
4.1 
4.1 

4.05 
4.05 
4.05 
4.05 
4.a5 

4.05 

4.05 

4.05 

4.0 

4.0 


3.05 
3.95 
a95 
a95 
4.0 

4.05 
4-05 
4.05 
4.05 
4.05 

4-0 
4.0 
4.0 
4.0 
4.0 

3.95 

4-6 

4.55 

4.55 

4.6 

4.5 


4.65 
4-6^5 
4.65 
4.7    ' 
5.3 

5.15 
4.9 
4.8 
4.7 
465  , 

46 
455 
45 
46 
45 

445 

445 

44 

435 

435 

I 


435 
4.35 
435 
4.35 
4.35 

4.35 
4  35 
4.35 
435 
4.35 

4  35 
4  35 
4  35 
40 
425 

425 

425 

42 

415 

415 

42 
42 
42 
42 
42 

40 

405 

405 

41 

415 

415 


a  loe  fonning  along  banks,  narrowing  channel. 
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Rating  table  for  Methow  River  at  Pateros,  Wath.yfor  1906. 


jhdSl 

Dia- 
chaige. 

Gage 
height. 

Dis- 
chAige. 

Gage 
hei^t. 

Dis- 
charge. 

he^t. 

Dla- 
chaige. 

heigSft. 
Feet. 

Ftet, 

5«C.-/l.    ! 

Feet. 

.«^. 

Feet. 

W 

Feet. 

Sec.-ft. 

8w80 

400 

4.80 

5.80 

aso 

3,5(iP 

8.60 

7,088 

3.  SO 

420 

4.  go 

984 

SlOO 

2.128 

1   aoo 

3.738 

8.80 

7,606 

4.00 

450 

&00 

1,072 

aoo 

2,272 

1    7.00 

3,920 

9.00 

7,930 

4.10 

486 

&10 

1,166 

a  10 

2,420 

'    7.20 

4,294 

9.20 

8,356 

4.20 

528 

5.20 

1,266 

a20 

2,672 

7.40 

4,676 

9.40 

8,785 

4.30 

576 

5.30 

1,372 

aso 

2,726 

7.60 

5,066 

9.60 

9,215 

4.40 

630 

5.40 

1,484 

&40 

2,884 

7.80 

5,400 

9.80 

9,646 

4.50 

600 

5.50 

1,602 

aso 

3,050 

&00 

5,860 

10.00 

10,080 

4.60 

756 

6.60 

1,724 

aeo 

3,216 

&20 

6,264 

4  70 

826 

&70 

1,854 

a  70 

3,386 

8.40 

6,674 

NoiK.— The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  discharge 
meaaurements  made  daring  1903-1906  and  is  well  deilned. 

Monthly  discharge  of  Methow  River  at  Pateros,  Wash.  ^  for  1906. 
[Drainage  area,  1,710  square  miles.] 


Month. 


January 

February... 

March 

April , 

llSy 

June , 

July 

August 

September. . 

October 

November. . 
December. . 


Discharge  in  second-feet. 
Maximum.   Minimum.  !    Mean. 


•btalin 
acre-feet. 


Run-off. 


I 


Sec-ft.  per    Depth  in 
sq.  mile.       inches. 


660 
468  , 
600  I 

3.920 
11,200 

9,000 

3,920 
791 
507 
756 

1,370 


The  year. 


11,200 


420 
400 
420 
723 
3,220 
3.130 
826 
507 
450 
435 
603 
4FXi 

400  , 


478  1 

29,400 

0.28 

0.32 

430 

23.900 

.25 

.26 

455  1 

28,000 

.27 

.31 

1,970 

117.000 

1.15 

1.28 

5,040 

310,000 

2.95 

3.40 

4.770 

284,000 

2.79 

3.11 

1.990 

122,000 

1.16 

1.34 

()13  1 

37.700 

.36 

.42 

564 

33,600 

.33 

.37 

492 

30,300 

.29 

.33 

749 

44.600 

.41 

.49 

549  , 

33.800 

.32 

.37 

1.510 

1.090.000 

.88 

12.00 

Note.— Values  are  good. 

CHlCIuAN  BIVEB  DBAIKAGE  BASIN. 

Chelan  River  forms  the  outlet  of  Lake  Chelan,  a  long,  narrow  lake 
fed  at  the  upper  end  by  Stehekin  River,  which  drains  a  portion  of 
the  eastern  slopes  of  the  Cascades.  The  tributaries  of  this  lake 
drain  a  rough,  mountainous  area,  quite  heavily  timbered.  The 
lower  end  of  the  lake  is  380  feet  above  Columbia  River,  to  which 
it  is  joined  by  Chelan  River,  about  4  miles  in  length.  The  water 
supply  of  this  stream  is  particularly  valuable  for  future  power 
development. 

CHELAN    RIVER    AT    CHELAN,    WASH. 

This  station  was  established  November  6,  1903,  by  G.  H.  Bliss. 
It  is  located  at  the  highway  bridge  3,000  feet  below  the  outlet  of  the 
lake  and  in  the  town  of  Chelan.  A  dam  which  has  been  constructed 
at  the  foot  of  the  lake  by  the  town  of  Chelan  holds  back  the  flow  of 
water  to  some  extent  during  the  dry  season.  The  conditions  at  the 
station  and  the  bench  marks  are  described  in  Water-Supply  Paper 
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No.  178,  page  38,  where  are  given  also  references  to  publications  that 
contain  data  for  previous  years. 

The  following  measurement  was  made  January  2,  1907: 

Width,  206  feet;  area,  1,460  feet;  gage  height,  5.50  feet;  diwhaigc,  920  second- 
feet. 

Daily  gage  heighty  infeetj  of  Chelan  River  at  CheLaUy  Wash.  ^  for  1906. 


Day 

Jan.  1  Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov.     Dec. 

1 

,    5.40 

6.70 

5.60 

6.85 

7.75 

8.46 

7.65 

7.20 

6.20 

5.76 

6.55       7.15 

2 

5.40 

6.68 

6.60 

5.90 

7.90 

8.46 

7.70 

7.16 

6.16 

6.70 

5.50  1     7.10 

3 

5.40 

5.65 

5.60 

6.90 

8.05 

8.50 

7.80 

7.16 

6.10  1 

5.70 

6.46       7.05 

4 

5.40 

6.65 

6.60 

6.90 

8.20 

8.46 

8.00 

7.06 

6.10  1 

5.65 

5.40  i     7.00 

6 

'    5.40 

6.66 

6.60 

5.95 

8.30 

8.40 

8.16 

7.00 

6.00 

6.60 

6.40       7.00 

6 

5.38 

6.65 
6.65 

.-..66 
6.65 

6.02 
6.40 

8.35 
8.30 

8.40 
8.35 

8.26 
8.40 

6.50 
6.50 

6.96 
6.90 

6.60 
5.65 

5.40       7.00 

7 

5.38 

6.40       6.95 

8 

5.40  ;    6.65 

6.66 

6.40 

8.30 

8.35 

8.60 

6.50 

6.90 

6.50 

6.40  1     6.05 

9 

.   .     1    5.40 

6.65 

6.58 
6.50 

6.60 
6.48 

8.32 
8.40 

8.35 
8.30 

8.50 
8.46 

6.60 
6.60 

6.90 
6.85 

6.66 
5.56 

6.50  1    6.90 

10 

1    5.40 

6.66 

6.60       6.90 

11 

5.40 

6.60 

6.43 

6.62 

8.50 

8.30 

8.40 

6.60 

6.90  tr5.60 

6.55       6.85 

12 

5.45 

6.60 

^.38 
^.30 

6.60 

8.65 

8.35 

8.40 

6.60 

6.00 

6.60 

6.65       6.80 

13 

5.48       5.60 

6.60 

8.70 

8.35 

8.38 

6.45 

6.26 

5.60 

6.80       6.70 

14 

■    5.48       5  60 

6.25 

6.60 

8.70 

8.30 

8.36 

6.46 

6.15 

5.60 

6.10       6.60 

15 

5.45       6.65 

6.22 

6.66 

8.70 

8.30 

8.36 

6.40 

6.10  > 

6.6(* 

6.60       6.55 

16 

5.50  '    5.65 

6.20 

6.60 

8.65 

8.26 

8.36 

6.40 

6.00 

5.60 

7.00       6.50 

17 

5.45       5.65 

6.18 

6.65 

8.60 

8.20 

8.33 

6.36 

6.95 

6.60 

7..'50       6.40 

18 

5.45       5.66 

6.10 

6.60 

8.55 

8.16 

8.30 

6.35 

5.96 

6.57 

7.70       6.40 

19 

5.40       5.65 

6.00 

6.70 

8.50 

8.10 

8.20 

6.30 

6.96 

6.55 

7.60       6.35 

20 

5.40       5.66 

6.92 

6.76 

8.40 

7.95 

8.10 

6.28 

6.96  ! 

5.50 

7.50       6.35 

21 

5.40  1    6.60 

6.88 

6.82 

8.30 

7.76 

8.00 

6.25 

6.90  1 

6.46 

7.45       6.30 

22 

5.40 

6.65 

6.85 

7.00 

8.25 

7.66 

7.90 

6.20 

6.90 

5.40 

7.40       6.30 

23 

5.90 

6.65 

6.82 

7.15 

8.20 

7.50 

7.80 

0.16 

6.90  t 

5.40 

7.40       6.30 

24 

5.85 

6.70 

5.80 

7.25 

8-15 

7.40 

7.70 

6.08 

6.85  1 

5.38 

7.40       6.20 

25 

5.85 

6.66 

5.80 

7.36 

8.20 

7.50 

7.60 

6.00 

6.90 

6.80 

7.35       6.10 

26 

5.80 

5.70 

5.78 

7.40 

8.36 

7.60 

7.60 

6.00 

5.85  ' 

5.85 

7.35  '    6.0O 

27 

5.80 

5.70 

5.78 

7.42 

8.46 

7.70 

7.55 

6.06 

6.85 

5.90 

7.30  '    5.90 

28 

5.75 

6.66 

5.76 

7.46 

8.50 

7.70 

7.50 

6.06 

6.80 

6.80 

7.25       5.90 

29 

5.76 

6.72 

7.50 

8.50 

7.68 

7.60 

6.10 

6.78 

6.65 

7.20       5.85 

30 

6.70   

5.72 

7.60 

8.50 

7.66 

7.40 

6.20 

6.76 

5.65 

7.20       5.80 

31 

6.70    

1              1 

6.82 

8.50 

7.30 

elan  J  ^ 

6.20 

1 

5.60 

6.70 

1 

Rati 

ng  tab 

lefor  ( 

nhelan 

River 

at  Ch 

VasLJor  1906. 

Gage 
height. 

Dis-    1 
charge. 

Ga^e 
height. 

Feet. 
600 

Dis- 
charge. 

Gage 
hei^t 

Dis-     , 
change.  1 

Feet. 
530 

Feet. 
6  70 

Sec.-ft. 
1,920    < 

5.40 

860    1 

6.10 

1,230 

6.80 

2.070    1 

5  50 

900 

6  20 

1,320 

6  90 

2,230    'i 

5(iO 

940    ' 

6  30 

1.420 

1    7.00 

2,390 

5  70 

990    , 

6  40 

1.530 

7.10 

2.560    1 

5.80 

1,040 

6.50 

1,650 

7.20 

2,730 

6.90 

1.090    ' 

1 

6.60 

1,780 

1 

uage 
height. 

Feet. 
7.30 
7.40 
7.50 
7.60 
7.70 
7.80 


Dis- 
charge. 

Sec.-fl. 
2,910 
3,090 
3,270 
3.460 
3,a30 
3,810 


I   Gage 
hel^t. 


Feet. 
7.90 
8.00 
8.20 
&40 
8.60 
&80 


Dis- 
charge. 

Sec.-ft. 
3.990 
4,170 
4,650 
4,930 
6.300 
6,690 


Note.  -The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  dlschargB 
measurements  made  during  1903-1907,  and  is  fairly  well  defined  above  gage  height  6.6  foet. 
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Monthly  discharge  of  Chelan  River  at  Chelan,  Wash.  ^  for  1906. 
[Drunage  area,  950  square  miles.] 


Month. 


DiflchaifKe  in  second-feet. 


ICazimum.  Minimum.      Mean. 


Januaiy i  1,000 

February 990 

March I  1,850 

April 3,450 

May I  5,500 

June :  5,110 

July I  6.110 

August 2, 730 

September 1 ,  370 

Octolwr ;  1,080 

November 3, 830 

December 2,640 

Theyear I  5,500 

Note.— Values  are  good. 


Total  in 
acre-feet. 


Run-off. 

Sec.- ft.  per   Dftptbin 
I    sq.  mile.       inches. 


854 

916 

56,300 

940 

965 

53.600 

920 

1,170 

71.900 

1.050 

1,990 

118.000 

3.720 ; 

4,890 

301,000 

3,090  1 

4,330 

258.000 

2,910 

4,210 

250,000 

1.150  1 

1,620 

90,600 

992  1 

1,130 

67.200 

812  1 

921 

56,600 

820  , 

1.990 

118.000 

965 

1,750 

108.000 

2,100:     1,570.000 


.964 
1.02 
1.23 
2.09 
5.15 
4.56 
4.43 
1.71 
1.19 

.960 
2.09 
1.84 

2.27 


1.11 
1.06 
1.42 
2.33 
5.94 
5.09 
5.11 
1.97 
1.33 
1.12 
2.33 
2.12 

J0.93 


WKNATCHITR  RIVER  I>RAINAG15  BASIN. 


WENATCHEE   RIVER   AT   CASHMERE,  WASH. 

Wenatchee  River  drains  a  portion  of  the  western  slope  of  the 
Cascade  Mountains  in  Washington,  and  flows  southeast  through 
Lake  Wenatchee  into  the  Columbia  River.  Its  basin  throughout  is 
mountainous  and  quite  heavily  timbered.  The  rainfall  varies  from 
50  inches  at  the  crest  of  the  Cascades  to  20  inches  at  the  mouth.  The 
waters  of  the  stream  are  principally  valuable  for  irrigation. 

This  station  was  established  July  26,  1904.  It  is  located  at  the 
highw^ay  bridge  just  north  of  the  town  of  Cashmere,  Wash.  The 
conditions  at  this  station  and  the  bench  marks  are  described  in 
Water-Supply  Paper  No.  178,  page  40,  where  are  given  also  references 
to  publications  that  contain  data  for  previous  years. 

The  old  gage  was  destroyed  by  flood  November  15,  1906.  A  new 
gage  was  installed  at  the  same  place  and  datum  on  December  27. 

Discharge  Tneasurements  of  Wenatchee  River  at  Cashmere,  Wash.,  in  J906. 


Date. 

Hydrographer 
,    W.  G.  Steward 

Width. 

■    ■■ 

Feet. 
160 
161 
186 

Area  of 
section. 

Gacc 
height. 

Feet. 
1.55 
1.55 
2.20 

Dis- 
charge. 

August  23 

August  29 

December  27... 

Sq.  ft. 
232 
737 
312 

Stc.'fi. 
889 

do  

956 

.    H.McGUwhan 

1.300 
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SURFACE   WATER  SUPPLY,   1906. 


Daily  gage  height,  in  feet,  of  Wenatchee  River  at  Cashmere,  Wash.,  for  J  906. 


Day. 

1 

I:::-::::::::::: 

4 

6 

6 

7        .          .   .   . 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Jan. 


1.3 
1.3 

1.4  ' 

1.5  I 
1.7 

1.7 

1.6  ' 
1.6 
1.5 
1.5 

1.5  , 
1.4 
1.4 
1.3 
1.4  . 


Fob.     Mat.      Apr.     May.  |  June. 


2.4 
2.5 
2.6 
2.5 
2.5 

2.4 
2.4 
2.3 
2.2  I 
2.1 

2.1 
2.1  I 
2.0 
2.0 
2.0 


25. 

26. 
27. 
28. 
29. 
30. 
31. 


1.4 

1.9 

1.4 

1.9 

1.4 

2.0 

1.3 

2.3 

1.3 

2.5 

1.3 

2.4 

1.4 

2.3 

1.5 

2.3 

1.8 

2.2 

2.3 

2.2 

2.4 

2.1 

2.4 

2.1 

2.3 

2.1 

2.3 

2.2 

2.3 

2.0 
2.0 
2.0 
1.9 
1.9 

«2.0 
2.0 
2.1 
2.2 
2.3 

2.3 
2.2 
2.1 
2.1 
2.0 

2.0 
2-0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.1 


3.6 
3.5 
3.3 
3.4 
3.6 

4.0 
4.4 
5.0 
4.6 
4.3 

4.2 
4.1 
4.0 
3.8 
3.9 

4.2 
4.4 
4.3 
4.3 
4.4 

4.8 
5.85 
5.8 
5.6 
5.3 


6.0 
6.1 
6.3  I 
6.1  , 
5.9 

5.5  , 
5.3 
5.3  I 
5.4 
5.9 


4.6 
4.6 
4.9 
5.5 
5.3 

4.9 
4.6 
4.4 
4.2 
4.1 


:  I  I  I 

July.     Aug.     Sept.     Oct.  i  Nov.  I  Dec. 


3.6  , 

3.8 

4.1 

4.4 

4.5 

4.5 
4.7 
4.4  < 
4.1  ' 
3.9 


2.2 
2.1 
2.0 
1.9 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 


2.2 

5.0 

2.3 

4.9 

2.4 

4.9 

2.5 

5.3 

2.7 

5.6 

3.4 

6.2 

4.0 

3.7 

2.0    ! 

6.0 

4.9 

3.6 

2.0    < 

5.8 

5.0 

3.6 

2.0 

5.3 

4.6 

3.5 

2.1 

5.3 

4.3 

3.4 

2.0 

4.9 

4.3 

3.3 

1.9 

4.6 

4.2 

3.2 

1.85  ' 

4.4 

4.0 

3.1 

1.8    1 

4.3 

3.9 

3.0 

1.6 

4.2 

3.8 

2.9 

1.6 

4.2 

3.8 

2.8 

1.6 

4.1 

3.8 

2.7 

1.6 

4.2 

3.8 

2.7 

1.6 

4.2 

3.9 

2.6 

1.5 

4.3 

4.1 

2.5 

1.5 

6.4, 
5.5  I 
5.2 
4.9  , 
4.8 
4.7 


4.4 
4,3  ' 
4.2 
3.9, 

3.7  I 


2.5 
2.4 
2.3 
2.3 
2.3 
2.3 


1.6 
1.7 
1.7 
1.8 
1.8 
1.8 


1.8 
1.8  I 
1.7 
1.7  , 
1.6 

1.4  ' 

1.4 

1.9 

2.4 

2.3 

2.0 
1.7 
1.6 
1.6 
1.6 

1.6 
1.5 
1.5 
•1.4 
1.4 

1.4 
14 
1.4 
1.4 
1.5 

1.8 
1.8 
1.6 
1.5 
1.4 


1.5       3.2      

1.4  2.9      

1.5  2.8      

1.7       2.8      

1.7      2.9      

1.7       2. 6     

1.7       2.6      

1.6  2.7      

1.5  2.7      

1.6  2.7      

1.6  !    3.4      

1.5       3.4     I 

1.7  5.7     ■• 

1.8  8.05    

2,0    

2.4    

2.7    

3.0    

2.8    

2.7    

2.3    

2.2    

2.1    

2.0   , 

1.8    ' 

6.5    1 

6.0    1      2.2 

5.0    2.2 

4.3    2.1 

3.8    2.1 

3.5' 2.1 


Rating  table  for  Wenatchee  River  at  Cashmere,  Wash.,  for  1906-^. 


gage  I    Dl8- 
height.i  charge. 


Feet. 
1.00 

^"iS?- 

1. 10 

615 

1.20 

685 

1.30 

755 

1.40 

830 

1.50 

910 

1.60 

990 

1.70 

1,075 

1.80 

1,165 

1.90 

1,260 

Qa«ro 
hei^t. 


Feet. 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 


Dis- 
charge. 


Sec.'ft. 
\,300 
1,460 
1,560 
1,665 
1,770 
1,875 
1,985 
2,095 
2.210 
2,330 


Oage 

Dis- 

Gage 
,  height. 

Dis- 

height. 

charge. 

charge. 

Feet. 
3  00 

Sec.'ft. 
2,450 

Feet. 
4.00 

Sec.-ft. 
3,800 

3.10 

2,580 

4.20 

4,100 

3.20 

2,710 

4.40 

4.400    •• 

3  30 

2,840 

;    4.60 

4,700    1 

3.40 

2,970 

4.80 

5,000    1 

3.50 

3,100 

.    5.00 

5.300    1 

3.60 

3,240 

6.20 

6,620 

3.70 

3,380 

5.40 

5,940    ' 

3.80 

3,520 

5.60 

6,260 

3.90 

3,660 

5.80 

6,580 

Gage       Dis- 
height.  charge. 


Feet. 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
8.00 


Sec-n. 
6,900 
7,240 
7.580 
7,920 
8,260 
8,600 

10,400 


Note.— The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  discharge 
measiirpments  made  during  1904-1906  and  is  well  defined  between  gage  heights  1.5  feet  and  3.9  feet. 

Monthly  discharge  of  Wenatchee  River  at  Cashmere,  Wash.,  for  1906. 
[Drainage  area,  1,190  square  miles.] 


Discharge  In  second-feet. 


Month. 


Maximum.   Minimum.      Mean. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November  1-14... 
December  27-31 . . 

The  period. 


1,770 
1,980 
2,970 
6.660 
7,410 
6,100 
4.850 
1,560 
1,770 
7,750 
10,500 
1.560 


755  ; 
1,260 
1.260  I 
2.840 
3,950 
3.380 
1.6G0  ' 
910  I 
830 
830  I 
1,980 
1.460 


1,060 
1.910 
1..520 
4,540 
5.600 
4.310 
2.920 
1.220 
1,030 
2.0(30 
3,210 
1,500 


Total  in 
acre-feet. 


65,200 

106.000 

93.500 

270.000 

344.000 

256.000 

180.000 

75.000 

61.300 

127.000 

89.100 

14,900 


Run-off. 


Sec.-f  t.  per  Depth  in 
sq.  mile.       inches. 


0.891 
1.61 
1.28 
3.82 
4.71 
3.62 
2.45 
1.03 
.866 
1.73 
2.70 
1.26 


1.03 
1.68 
1.48 
4.26 
5.43 
4.04 
2.82 
1.19 

.»7 
1.99 
1.41 

.23 


1,680,000 


Note.— Values  are  rated  as  follows:  January  to  March  and  July  to  November,  excellent;  April  to 
June,  good. 
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TAKIMA  RIVER  DRAINAGK  BASFN". 

DESCRIPTION   OF   BASIN. 

Yakima  River  rises  in  Lake  Keechelus,  near  the  crest  of  the  eastern 
slope  of  the  Cascade  Mountains,  in  Washington,  and  flows  southeast 
into  the  Columbia  River  at  Kennewick.  The  headwaters  of  this 
stream  are  fed  by  numerous  tributaries  draining  rough  mountainous 
areas  of  heavy  timber  lands.  It  is  fed  near  its  source  by  Kachess 
River,  which  heads  in  Lake  Kachess,  and  by  Clealum  River,  which 
flows  through  Lake  Clealum.  Throughout  the  arid  portion  of  this 
drainage  area  the  country  is  timberless  and  rolling  except  in  the 
immediate  valleys  of  the  streams.  The  annual  rainfall  varies  from 
100  inches  at  the  crest  of  the  Cascades  to  10  inches  near  the  mouth  of 
the  river.  The  entire  summer  flow  of  the  Yakima  and  also  that  of 
its  principal  tributary,  Naches  River,  is  diverted  for  the  irrigation 
of  lands  which  have  reached  a  high  stage  of  development,  rivaled 
only  by  the  orange  lands  of  southern  California. 

Gaging  stations  are  maintained  as  follows: 

Yakima  River  near  Martin,  Clealum,  Umtanum,  Yakima,  Prosser, 
Kiona,  and  Richland,  Wash.;  Kachess  River  near  Easton,  Wash.; 
Clealum  River  near  Roslyn;  Nachez  River  near  Nile  and  North 
Yakima;  Bumping  River  near  Nile;  and  Tie  ton  River  near  Natchez 
(two  stations).  Gages  for  determining  fluctuations  of  water  level 
are  maintained  in  Lakes  Keechelus,  Kachess,  and  Clealum. 

YAKIMA    RIVER   NEAR   MARTIN,    WASH. 

This  station  was  established  October  18,  1903.  It  is  1,000  feet 
below  the  outlet  of  Lake  Keechelus,  800  feet  below  the  dam  of  the 
Cascade  Lumber  Company,  and  4  miles  northwest  of  Martin,  Wash. 
The  conditions  at  the  station  and  the  bench  marks  are  described  in 
Water-Supply  Paper  No.  178,  page  43,  where  are  given  also  refer- 
ences to  publications  that  contain  data  for  previous  years. 

Discharge  measurements  of  Yakima  River  near  Martin,  Wash.,  in  1906. 


Date. 

Hydrograpber. 

MarehlS 

J.  C.  Stevens 

Mav2 

W.C.Muldrow  .      .  .'. 

July  17 

do 

August  11 

do 

August  21 « 

October  30 

November  25.  . 

J.  C.  Stevens 

W.C.Muldrow 

do 

W'«hj  ^-'  ,«^t. 


'et 

Sq.ft.    \ 

Feet. 

113 

191 

7.04 

120 

394 

8.74 

108 

186 

6.90 

105 

133 

6.43 

48 

45 

6  37 

119 

295 

a  01 

109 

208  , 

7.18 

Dis- 
charge. 

Sec-ft. 
194 
983 
169 
68 
66 
582 
246 


a  Made  500  feet  below  cable. 
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SURFACE    WATER   SUPPLY,   1906. 


Daily  gage  heighty  in  feet,  of  Yakima  River  near  Martin,  Wash. ,  for  1906, 


Day. 


Jan.      Feb.     Mar.     Apr.     May.    June.    July.  ;  Aug.     Sept.  |  Oct.     Nov.  t  Doc 


I 


11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


0.86  , 
6.82  I 
6.80  ' 
6.82 
6.86 

6.92 
6.90 
6.90 
6.92 
.1    6.91 

.'  6.90 

.  6.88 

.  6.88 

.'  6.85 

.  6.84 

.      6.88 

.'     6.88 

7.00 

7.10 

7.20 

7.42 
7.58 
7.75 
7.82 
7.85 

7.82 
7.79 
7.71 
7.63 
7.55 


7.40 
7.32 
7.27 
7.21 
7.17 

7.14 
7.13 
7.12 
7.10 
7.10 

7.08 
7.06 
7.04 
7.04 
7.02 

7.02 
7.04 
7.08 
7.37 
7.50 

7.53 
7.52 
7.50 
7.50 
7.46 

7.30 
7.35 
7.30 


7.46 


7.26 
7.22 
7.16 
7.10 
7.07 

7.04 
7.03 
7.04  I 
7.10 
7.12 

7.15  I 

7.16 

7.14 

7.12 

7.08 

7.06 
7.06 
7.04 
7.04  I 
7.01 

6.98 
6.96 
6.96 
6.94 
6.92 

6.94 
6.98 
7.01 
7.04 
7.11 
7.28 


7.45 
7.50 
7,48 
7.48 
7.56 

7.71 
7.90 
&01 
8.05 


8.79 
8.75 
8.72 
8.70 
8.50 

&44 

&36 
8.31 
a38 


a  01 

8.52 

7.92 

8.58 

7.82 

&54 

7.73 

&40 

7.66 

8.26 

7.66 

a28 

7.62 

a  18 

7.78 

a  13 

7.84 

ao2 

7.86 

7.93 

7.92 

7.88 

8.34 

7.82 

8.64 

7.80 

8.73 

7.74 

8.62 

7.73 

8.56 

7.82 

&48 

ao6 

8.41 

ao9 

8.39 

ao2 

8.44 

7.94 

8.60 

aoo 

7.97 

7.91 
7.00 
7.91 
a  01 
7.98  , 

7.94  ' 
7.90 
7.82  I 
7.76  I 
7.71 

7.70 
7.79 
7.74 
7.71 
7.66 

7.62  1 
7.59  ' 

7.56  I 
7.64 
7.62 

7.51  I 

7.57  ' 
7.64 

7.52  I 
7.50  I 

7.46 
7.44 
7.42  I 
7.42 
7.40 
I 


7.30 
7.39 
7.39 
7.30 
7.34 

7.32 
7.26 
7.22  1 
7.16 
7.13 

7.11 
7.05 
7.02 
6.99  ! 
6.94 

6.92 
6.80  I 
6.85 
6.81 
a78  ' 

6.76 
6.74 
6.72 
a  67 
a64 

6.62 
6.60 
a58  I 
6.56 
6.65 
a64  , 


6.52 
a  52 
a50 

a50 
a48 

a47 
a  47 
a  46 
a  45 
a  44 

a  43 
a43 
a  42 
a  42 
a40 

a40 
a40 
a  39 
a38 
a  38 

a37 
a36 
a35 
a  34 
a34 

a33 
a33 
a  33 
a32 
a  32 
a  32 


a32  I 
a3i  I 
a  31 
a30 
a3o 

a28 
a34 
a34 
a30 
a36 

a34 
a33 
a32 
a50 
a  52 

a50 
a48 
a46  , 
a45 , 
a  44 

a42 
a  42 
a  41 
a  42 
a48 

a  51 
a52  , 
a64  i 
a  52 
a  52 


a 52  '    7.56  I 
a54       7.20 


a62 
a79 
a82 

aso 
a  76 
a  72 
aoo 
a  74 

a  71 
a  74 
a  72 
a66 
a79 

7.04 
7.61 
7.81 
7.80 
7.71 

7.58 
7.46 
7.44 
7.42 
7.52 


7.24 
7.21 
7.14 

•a  94 
7.10 
7.22 
7.31 
7.70 

a04 
a50 
11.28 

laso 
ia96 

11.74 

iao4 

9.14 

a42 
aoo 

7.71 
7.39 
7.21 

ao2 

7.18 


a55 
a  52 
a  52 


aw 
ago 
a  91 

7.67 
&20 
7.91 
7.40 
7.62 

7.40 
7.75 
7.G3 
7.02 
7.72 

a  25 

a  15 

7.99 
7.93 
7.85 


7.62 

7.11 

7.82  1 

7.08 

7.91  1 

a79  . 

aoi ; 

7.78  1 

a56 

7.62  1 

&40 

Note.— Water  was  entirely  shut  off  at  the  lake  November  29,  December  4  to  7,  and  December  26  to 
30,  and  for  partial  days  at  other  times  in  December.  Gage  heights  November  12  to  17  were  computed 
by  plotting  several  readings  a  day  and  taking  the  mean  from  the  curve. 

Rating  table  for  Yahima  River  n^ar  Martin,  Wash.,  for  1906. 


Gage  I     Dis-        Ga£e       Dis-    I    Gage 
height.  I  charge.  ;  heignt.  |  charge.  |  height. 


Feet. 
a  20 
a  30 

a  40 
a  50 

6  60 

a  70 
a  80 
ago 


8ec.-ft. 
42 
54 
66 
80 
96 
114 
134 
156 


Feet. 
7.00 
7.10 
7.20 
7.30 
7.40 
7.50 
7.60 
7.70 


'"it 

207 
237 
270 
306 
345 
385 
425 


Feet. 
7.80 
7.90 

aoo 
a  10 
a20 
a30 
a40 
a50 


Dis- 

hei^. 

Di3-      1 

Gage 
heii^t. 

Feet. 

Dto- 

charge. 

charge. 
Sec.^.  1 

chaige. 

Sec.-fi. 
1,730 

Sec.-ft. 

Feet. 

470 

aoo 

890 

9.80 

515 

a  70 

950  : 

10.00 

1  000 

560 

1  aso 

1,010 

11.00 

2,800 

610 

aoo 

1,075    1 

12.00 

3.850 

660 

9.00 

1,140    1 

13.00 

5,000 

715 

i    9.20 

1,275 

14.00 

6,200 

770 

9.40 

1,415 

830 

..eo 

1,570 

Note.— The  above  table  is  apnlicable  only  for  open-channel  conditions.    It  Is  based   on  discharge 
measurements  made  during  1904- 1900,  and  Is  well  aeflned  between  gage  heights  0.2  feet  and  9.0  feet. 

Monthly  discharge  of  Yakima  River  near  Martin,  Wash.,  for  1906. 
[Drainage  area,  56  square  miles.] 


Discharge  in  second-feet. 


Run-off. 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

Sppt<»mbcr 

October 

Novcml)pr 

December 

The  year 


,  Maximum. 

'  402 

357 
263 
968 
■  1.000 
565 
302 
83 
86 
565 
0. 150 
770 


Minimum. 


,    Total  In 

Mean.    !  ^^e-t^^. 


Sec. 
sq. 


6. 150 


134  I 
185  , 
161  I 
326 
438  I 
306  I 

86 

5(>  I 

52 

S3 

0 


250      , 

15,400 

255 

14,200 

200      , 

12.300 

581 

34.600 

r.R2 

41.900 

416 

24,800 

177 

10,900 

G7.3 

4.140 

6a9  ' 

4.100 

265    ; 

16,300 

979 

58.300 

272      ' 

16.700 

•ft.  per 
mile. 

4.46 
4.55 
a  57 
10.38 
12.18 
7.43 
a  16 
1.20 
1.23 
4.73 
17.48 
4.86 


Tr 


2.54.000  ' 


a  27 


Depth  in 
inches. 


a  14 
4.74 
4.12 
11.58 
14.04 
a29 

a64 

1.38 
1.37 

a45 

19.51 

aro 


84.86 


Note.— Values  are  rated  as  foUows:  January  to  October,  ezeeiient;  November  and  December,  fair. 
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YAKIMA  BIVEB   AT   CLEALUM,  WASH. 

This  station  was  established  August  25,  1906.  It  is  located  at  the 
highway  bridge  just  above  the  town  of  Clealum.  It  is  below  the 
principal  tributaries  which  drain  the  upper  portion  of  its  basin, 
and  shows  the  water  supply  available  for  the  Kittitas  Valley. 

The  channel  is  straight  for  about  300  feet  above  and  below  the 
station.  The  current  is  swift.  The  right  bank  is  low  and  liable  to 
overflow;  the  left  is  high  and  rocky;  both  banks  are  wooded.  The 
bed  of  the  stream  is  of  cobblestones  and  gravel  and  not  likely  to 
change  except  during  high  floods.     There  is  one  channel  at  all  stages. 

Measurements  are  made  from  the  bridge.  The  initial  point  for 
soundings  is  the  center  of  the  downstream  pier  on  the  right  bank. 

A  chain  gage  is  fastened  to  the  bridge  and  is  read  by  T.  J.  Denny. 
The  bench  mark  is  a  spike  in  a  30-inch  cottonwood  tree,  30  feet 
downstream  from  the  right-bank  pier;  elevation,  8.80  feet  above  the 
datum  of  the  gage. 

Discharge  meatwrements  of  Yakima  River  at  Clealum,  Wash.,  in  1906. 


Date. 

Hydrogrrapher. 

Width. 

Area  of  '     Gage 
flection,     height. 

Dis- 
charge. 

Augruat  24 

September  25. . . 
October  31 

J.  C.  Btevena 

Feet. 
190 
190 
209 

225 
226 
546 

Feet. 
2.27 
2.20 
3.92 

8ec.-ft. 
483 

W.C.Muldrow 

do 

470 
2,280 

Daily  gage  height,  infect,  of  Yakima  River  at  Clealum,  Wash.,  for  1906. 
Day.     ;   Aug.   '  Sept. 


1. 
2. 
3. 

4. 

3. 

6. 

7. 

8. 

9. 
10. 
11- 
12. 
13. 
14. 
15. 
16. 


I 


tept. 

Oct. 

Nov. 
3.62 

2.30 

2.28 

2.30 

2.25 

3.48 

2.30 

2.25 

3.38 

2.28 

2.32 

3.28 

2.25 

2.40 

3.02 

2.25 

2.40 

2.88 

2.25 

2.40 

2.95 

2.25 

2.40 

3.10 

2.28 

2.40 

3.06 

2.28 

2.40 

3.30 

2.25 

2.4G 

3.85 

2.25 

2.40 

4.22 

2.25 

2.40 

6.68 

2.30 

2.40 

2.30 

2.45 

2.30 

2.55 

Nov.       Dec.     I     Day.        Aug. 


6.80 
6.70  I 
6.62 

6.50 : 

6.50  I 
6.50  , 
6.50  1 
6.55  ' 
5.28  11  25 
4.05      26 


24. 


4.00 
4.20 
4.35 
4.20 
3.95 
4.05 


27.. 
28., 
29.. 
30. 
31. 


2.25 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 


Sept. 

Oct. 

2.30 

2.80 

2.28 

3.05 

2.26 

3.20 

2.25 

3.20 

2.22 

3.12 

2.20 

3.00 

2.20 

3.00 

2.20 

3.00 

2.25 

2.95 

2.30 

5.50 

2.30 

6.00 

2.30 

5.25 

2.30 

4.60 

2.30 

4.15 

3.80 

Nov.       Dec. 


7.15 
7.00 
6.82 


3.78 
3.80 
3.80 
4.10 
4.60 
4.90 
4.80 
4.70 
4.60 
4.25 
4.05 
4.00 
3.95 
3.90 
2.75 


Rating  table  for  ydbima  River  at  Clealum,  Wash.,  from  August  24  to  October  25,  1906. 


Di»-     I  Gi 


rX. 


Dis- 


II 


I  hei^t.   charge.  |  height,   charge.  '  height. 


Feet.   I  Sec.-fi 

2.00 

2.10 


2.20 


A40 


Feet.      Sec.-ft.  I  Feet. 

2.30            505  I  2.60 

2.40  !        575  i'  2.70 

2.50  I        650  I  2.80 


Dis- 
charge. 


Gage 
height. 


Sec.-ft. 
730 
815 
905 


Feet. 
2.90 
3  00 
3.10 


Dis- 
charge. 

Sec.-ft. 
1,000 
1.100 
1,200 


Gage 
height. 


Dis- 
charge. 


Feet. 
3.20 


Sec.-ft. 
1,310 


NoTK.— The  above  table  Is  based  on  3  discharge  measurements  made  during  1906  and  is  not  well 
deflned. 
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SURFACE   WATER   SUPPLY,   1906. 


Monthly  discharge  of  Yahima  River  at  Clealum 

,  W(uh.,forl90e. 

Month. 

Discharge  in  second-feet. 

Total  in 

Maximum. 

Minimum.      Mean. 

472             501 
440              484 
472              770 

acre-feet. 

August  24-31 

505 

505 

1.310 

7.9S0 

Soptember 

October  1-25 

28,800 
38.300 

The  period 

75,000 

Note.— Values  are  good. 

YAKIMA   RIVER    AT   UMTANUM,  WASH. 

This  station  was  established  August  25,  1906.  It  is  located  in  a 
canyon  about  100  yards  from  the  railroad  tracks  and  opposite  the 
station  at  Umtanum,  about  6  miles  above  Roza,  on  the  Northern 
Pacific  Railroad.  The  station  is  below  Kittitas  Valley  and  abbTe 
Selah  and  Yakima  valleys. 

The  channel  is  straight  for  about  200  feet  above  and  below  the 
station.  There  is  a  riffle  control  about  300  feet  below.  The  right 
bank  is  low  and  liable  to  overflow  to  the  railroad  embankment;  the 
left  is  high  and  rocky.  The  right  half  of  the  bed  of  the  stream  is 
composed  of  gravel  and  cobblestones;  the  left  is  of  soUd  rock. 
There  is  one  channel  at  all  stages. 

Discharge  measurements  are  made  from  a  cable  and  car.  There 
is  a  stay  line  75  feet  upstream  from  the  cable.  The  initial  point  for 
soundings  is  the  face  of  a  small  cottonwood  tree  10  inches  in  diam- 
eter, 15  feet  upstream  from  the  gage,  on  the  right  bank,  about  25  feet 
from  the  waters  edge. 

The  gage,  which  was  read  during  the  season  by  B.  F.  Cummings, 
is  a  2  by  4  inch  timber  fastened  in  a  vertical  position  on  the  right 
bsnk,  back  of  the  section  house.  The  bench  mark  is  a  mark  on  a 
bowlder  100  feet  west  of  the  section  house  and  40  feet  north  of  the 
Northern  Pacific  track,  opposite  the  gage;  elevation,  16.30  feet 
above  the  datum  of  the  gage. 

The  following  measurement  was  made  August  25,  1906: 

Width,  230  feet;  area,  414  feet;  gage  height,  3.07  feet;  diwharge,  365  8econd-f€H?t. 
Daily  gage  height,  in  feet,  of  Yakima  River  at  Umtanum,  Wash.,  for  1906, 


Day.     1   A 

ug.       Sept. 

2.98 

2. 98 

3.00 

3.00 

2.99 

!      2. 98 

Oct. 

Nov. 

Dec. 

Day. 

Aug. 

Sep.. 

Oct. 

Nov. 

Dec 

1  '... 

3.20  i 

3.22  ' 

3.25 

3.28 

3.31 

3.38  1 

3.48 

4.55 

4.46  ' 

4.34 

4.30 

4.12 

4.08 

4.00 

5.88  ' 

5.72 

5.  .50 

5.18 

5.ft5 

4.88 

4.(i8 

17 

3.08 
3.08 
a  10 
3.10 
3.06 
3.06 
3.06 

3.55 
3.70 
4.00 
^.10 
4.08 
4.05 
4.00 

4.5r> 

2          ... 

18 

4.61 

3 i... 

19 

4.ri»« 

4 

20 

4.80 

5 

21 

5.00 

6 

22 

5.0»> 

7 

2.98 

23 

5.04 

8 

2.98 

2.98 

3.45  ' 
3.45 

4.08 
4.15 

4.52 
4.56 

24 

3.10 
3.12 

3.96 
3.88  j 

5.11 

9 

25 

3.07 

5.1G 

10 

1      2.97 

3.42 

4.32 

4.70 

2<'. 

3.00 

3.16 

4.88 

5.13 

11 !-.. 

1      2.98 

3.40 

4.45 

4.70  , 

27 

3.00 

3.20 

6.40 

1 

5.00 

12 

'      3.04 

3.40 

5.18 

4.71  ' 

28 

3.03 

3.24 

6.00 

6.'26 

4.92 

13 

3.06 

3.40 

6.78 

4.09 

29 

3.00 

3.22 

5.30  , 

6.01 

4.82 

14 

3. 10 

a  42 

9.66 

4.65 

30 

3.00 

3.20 

4.95  ; 

5.94 

4.60 

15 

3. 10 

3.45 

4.62 

31 

2.95 

4.75 

4.34 

16 

3. 07 

3.45 

14.2 

4.59 

Note.— The  upper  portion  of  the  gage  was  washed  away  November  15,  so  that  no  readings  ooald  be 
obtained  until  the  %tn.   The  gage  height  of  November  le  is  the  nfiaTimnm. 
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TAKIMA   RIYEB   KEAB  TAKIMA,  WASH. 

The  station  was  originally  established  August  14,  1893,  at  the 
county  bridge  at  Union  Gap  (PL  III,  A),  2  miles  below  Yakima, 
Wash.  In  August,  1895,  a  cable  and  new  gage  were  installed  about 
1,000  feet  below  the  bridge,  and  about  3  miles  above  the  intake  of  the 
Sunnyside  Canal.  The  station  is  of  value,  as  it  is  the  only  point  near 
the  large  irrigated  areas  above  and  below  which  is  unaffected  by  the 
diversion  of  water.  The  conditions  at  the  station  and  the  bench 
marks  are  described  in  Water-Supply  Paper  No.  178,  page  46,  where 
are  given  also  references  to  publications  that  contain  data  for  previous 
years. 

Ducharge  measyremerUs  of  Yakima  River  near  Faib'ma,  Wagh.,  in  1905-1907. 


Width. 


April  W I  W.  J.  LIghtfoot. 

September 2. .. .1  W.  C.  Muldrow. 

October  26 1 do. 

November  18. . .  i  Sawyer  and  Muldrow. . 

1906. 

M&reh26 1  J.  C.  Stevens. 

April  30 W.C.  Muldrow. 

July  9 do 

Augru8t3 do 

September  29L . .  <  Stevens  and  Orover . 

October  27 <  Muldrow  and  McGlastaan. . 

I>eceml)er  29 . .  .|  W.  C.  Muldrow. 

1907. 
Febn]aJ720.  ...1  W.  C.  Muldrow 
February  22. do 


Area  of . 

Ga«e 
height. 

section. 

Sq.ft. 

Ffd. 

1,340 

6.10 

763 

3.64 

1,250 

5.60 

C«0 

4.32 

1,190 

5.29 

1,800 

7.62 

1,100 

5.14 

687 

3.52 

723 

3.60 

1,620 

7.29 

1,810 

5. 68 

2,'lW 

7.03 

2,410 

7.69 

Di»- 
chaige. 


Sec.-fl. 

3,920 

780 

3,570 

1,600 

2,900 
9,790 
2,840 
748 
790 
6,770 
4,040 

7,740 
9,770 


Daily  gage  height^  in  feet,  of  Yakima  River  near  Yakivia,  Wash.,  for  1906. 


Day. 


Jan. 


1.. 
2.. 
3.. 
A.. 
5.. 

6.. 
7.. 
8.. 
9.. 
10.. 

11.. 
12.. 
13.. 
14.. 
15.. 

16.. 
17.. 
18-. 
19.. 
20.. 

21.. 
22.. 
23.. 
24.. 
25. 

26.. 
27.. 
28.. 
29. 
30. 
31. 


Feb. 


.  4.1 

.1  4.1 

.  4.1 

.<  4.05 

.  4.1 

..  4.15 

.;  4.2 

.  4.2 

.  4.2 

.1  4.2 

.  4.2 

.  4.2 

.,  4.2 

.1  4.1 

.  4.1 

.  4.1 

.  4.1 

.  4.1 

.  4.0 

.  4.05 

■i  4-1     i 

.'  4.3 

.  4.4 

.  4.7    I 

.'  5.1    I 

.  5.3 

.:  5.3 

.  5.5 

.  5.6 

.,  5.55 

.1  5.9 


5.86 
5.9 
&9 
6.0 
6.0 

5.9 
5.8 
5.6 
5.5 
5.45 

5.3 
5.3 
5.1 
5.0 
5.0 

5.0 

5.05 

5.2 

5.8 

6u0 

6.0 
6.1 
6.2 
6.2 
6.2 

6.1 
6.0 
6.0 


Mar. 


5.9 
5.8 
5.6 
5.4 
5.3 

5.2 
5.2 
5.6 
5.8 
5.8 

5.7 
5.7 
5.6 
5.5 
5.5 

5.4 
6.4 
5.3 
5.2 
5.2 

5.15 

5.1 

5.1 

5.1 

5.1 

5.2 
5.6 
5.8 
6.0 
6.3 
6.4 


Apr. 


7.6 
7.4 
7.2 
7.1 
7.3 

7.9 
8.1 
8.2 
&2 
7.9 

7.7 
7.4 
7.3 
7.1 

7.0  I 

7.2 
7.4  > 
7.3 

7.3  . 

7.4  I 

7.7  I 
7.9' 
8.3  I 
8.6! 

8.1 ; 

I 
7.9  I 
7.5 
7.5 
7.6  . 

7.8  ; 


May.  ,  June.    July. 


8.0 
8.1 
8.2 

ai 

&0 

&0 
7.9 
7.6 
7.4 
7.4 

7.8 
7.6 
7.6 
7.4 
7.0 


6.9 
6.6  ' 

6.4 ; 

6.2 
6.1  I 


6.2  ' 
6.2  ; 
6.6  I 
6.8 

6.9  I 

6.6 
6.3 
6.1 
6.0 
6.0 

5.0 
5.9 
6.0 
6.1 
6.0 

6.0 
5.9 
5.9 
5.8 
5.8 


Aug. 


6.0 

5.7 

6.0 

5.6 

5.9 

5.4 

5.9 

5.4 

5.9 

5.5 

6.3 

5.5 

7.0 

5.5 

6.9 

5.4 

6.8 

5.3 

6.7 

5.3 

6.6 

6.7 
5.0 
5.1 
5.0 
5.1 

5.2 
5.3 
5.2 
5.1 
5.0 

5.0 
4.9 
4.8 
4.9 
4.9 

4.6 
4.5 
4.5 
4.5 
^4 

4.4  ' 
4.2 


3.6 
3.5 
3.5 
3.5 
3.4 

8.4 

3.45 

a45 

3.45 

3.45 

a45 

3.55 

3.45 

3.5 

3.55 

3.5 
3.5 
3.45  i 
3.45 
3.45  I 

3.45 
3.4 


4.1  I    3.35 
4.0      3.4 
4.0      3.4 


3.9  I 
3.9 
3.8  I 
3.8 


3.4    I 
3.35 
3.35 
3.4 


3. 7  i    3. 4 
3.7  ;    3.4 


Sept. 

3.4 

3.4 

3.35 

3.35 

3.35 

3.35 

3.4 

3.4 

3.4 

3.45 

3.4  ! 
3:4 
3.4 
3.5 
3.55  I 

3.55  j 

3.55 

3.5 

3.5  I 
3.5 

3.5 
3.5    ; 
3.55 
3.55 
3.5    I 

3.5    I 
3.55 
3.55 
3.55 
3.5    I 


Oct.      Nov. 


3.55 

3.5 

3.6 

3.65 

3.8 

3.9 
3.9 
3.9 
3.9 
3.85 

3.9 
3.9 
3.9 
3.9 
3.9 

4.0 
4.3 
4.5 
4.6 
4.6 

4.6 
4.55  i 
4.5 
4.5 
4.55 

4.6 
7.3 
7.3 
6.9 
6.5 
6.0 


5.4 

5.25 

5.15 

5.0 

4.8 

5.0 
5.3 
5.3 
5.4 
5.4 

6.2 
6.9 
10.84 
13.36 
15.68 

14.18 
11.94 
10.2 
8.9 
8.6 

8.0 
7.4 
7.1 
6.9 
6.7 

6.3 
6.1 
6.0 
5.9 
5.9 


Dec. 


5.7 
5.6 
5.5 
5.3 
5.2 

5.15 

5.15 

5.6 

5.5 

5.5 

5.55 

5.4 

5.3 

5.3 

5.2 

5.2 
5.1 
5.0 
5.0 
6.3 

6.5 
6.5 
6.7 
6.6 
6.5 

6.4 
6.3 
6.0 
5.9 
5.7 
5.6 


Non.— Gage  heights  November  12  to  17  were  found  by  plotting  several  readings  a  day  and  taking 
tlM  mMn  from  thi  eorvt. 
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SURFACE   WATER  SUPPLY,   1906. 


Rating  tables  for  Yakima  River  near  Yahima,  Wa^. 

JANUARY  1,  1904,  TO  JUNE  4,  1905.a 


Qage 
hei^t. 

Dia- 
chaiTge. 

bS^t. 

Feet. 
4.70 

Di»- 
charge. 

Sec.-fl. 
1,800 

I'hSSTt. 

II    Feet. 
5.60 

Dis- 
charge. 

1  Oage 
hei^t. 

Feet. 
'    6.50 

Dis- 
chaige. 

Sec.-ft.  ' 
5,035 

he^t. 

Di»- 
chaige. 

Feet. 
3.80 

Sec-fl. 
3,070 

Feet. 
7.80 

Sec-ft. 

9,m 

3.90 

1,000 

4.80 

1,920 

5.70 

3,240 

6.60 

5,295 

8.00 

9,930 

4.00 

1,090 

4.90 

2,045 

5.80 

3,420 

6.70 

5,5<S 

8.20 

10,740 

4.10 

1,180 

5.00 

2,180 

1     5.90 

3,615 

6.80 

5,835 

8.40 

11,600 

4.20 

1,280 

5.10 

2,315 

6.00 

3,830 

6.90 

6,115 

8.60 

12,480 

4.30 

1,380 

5.20 

2,455 

6.10 

4,055 

7.00 

6,405 

8.80 

13,380 

4.40 

1,480 

5.30 

2,600 

6.20 

4285 

7.20 

7,025    1 

9.00 

14,240 

4.50 

1,580 

5.40 

2,750 

.    6.30 

4,525 

7.40 

7,730 

9:20 

15,120 

4.60 

1,690    1 

5.50 

2,910     ,    6.40 
SE  5,  1905,  TO  D 

4,775 

7.60 

8440 

JU] 

ECEMB 

BR  31,  1906.6 

3.00 

460 

4.10 

1,290 

5.20 

2,840 

6.60 

6,220 
6,890 

8.80 

14,670 

3.10 

500    1 

4.20 

1,405 

5.30 

3,020 

6.80 

9.00 

15,600 

3.20 

550 

4.30 

1,520 

5.40 

3,210 

7.00 

7,590 

laoo 

20,800 

3.30 

605    1 

4.40 

1,640 

1     5.50 

3,400 

7.20 

8,290 

11.00 

26,700 

3.40 

665 

4.50 

1,760 

5.60 

3,600 

7.40 

9,010 

12.00 

33,200 

3.50 

726    1 

4.60 

1,890 

'     5.70 

3,810 

7.60 

9,750 

13.00 

40,500 

3.60 

795 

4.70 

2,030 

5.80 

4,030 

7.80 

10,510 

14.00 

48,600 

3.70 

875 

4.80 

2,180 

5.90 

4,260 

1    8.00 

11,300 

15.00 

57,400 

3.80 

965 

4.90 

2,340 

,    6.00 

4,500 

,    8.20 

12,100 

16.00 

67,000 

3.90 

1,070 

5.00 

2,500 

.:    6.20 

5,030 

8.40 

12,930 

4.00 

1,180 

5.10 

2,670 

!    6.40 

5,600 

1    «•«» 

13,780 

a  This  table  is  applicable  only  for  open-channel  conditions.  It  is  based  on  discharge  measurements 
made  during  1904-5  and  is  weil  deflnea. 

b  This  table  is  applicable  only  for  open-channel  conditions.  It  is  based  on  12  discharge  measurement  s 
made  during  1905-6  and  is  well  defined  between  gage  heights  3.5  feet  and  7.7  feet.  The  extension  of  the 
table  is  based  on  a  discharge  for  the  maximum  gage  height  of  1906  computed  from  a  measurement  at 
Kiona. 

Monthly  discharge  of  Yahima  River  near  Yahima,  Wash,  y  for  1905^. 
[Drainage  area,  3,300  square  miles.] 


January 

February.. 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December. . 


Month. 


1905. 


Discharge  in  second-feet. 


Maximum.   Minimum.      Mean. 


2.180 
3.G20 
9.550 
9,930 
7,720 
14,700 
5.900 
1,290 
1,180 
5,760 
2,670 
2,100 


1,280 

920 

3,830 

3,420 

3.8o0 

5,310 

1,290 

795 

795 

1,290 

1,520 

1,400 


1,830 
1,750 
7,540 
4,750 
4,930 
8,320 
2,710 
922 
904 
3,200 
1.880 
1,700 


Total  In 
acre-feet. 


113.000 
95,900 
<63,000 
283,000 
303,000 
495,000 
167.000 
56,700 
53,800 
197,000 
112.000 
105,000 


Theyeiir. 


14.700  ' 


795 


January 

February... 

March , 

April 

May 

June 

July 

August 

8eptcral>er. , 

October 

November. , 
December. . 


1906. 


4,260 
6,030 
5.600 
13,800 
12,100 
7,240 
3,810 
796 
760 
8.650 
e>3.90a 
(1.550 


1.180 

2.500 

2,670 

7,690 

4,260 

3.020 

965 

635 

635 

725 

2,180 

2.500 


3,370   2,440,000 


1,820 

3.880 

3.480 

9,900 

7,910 

4.410 

1.970 

694 

705 

2.220 

12.400 

3,920 


112,000 
215,000 
214.000 
589,000 
486.000 
262,000 
121,000 
42,700 
42,000 
136,000 
738,000 
241,000 


The  year. 


63.900 


035  ! 


4,440       3,200,000 


Run-off. 


Sec.-ft.per  Depth  in 
sq.  mile.      inches. 


a654 

.523 

2.28 

1.44 

1.49 

2,52 

.821 

.279 

.274 

.970 

.570 

.515 


a64 
.M 
2.63 
1.61 
1.72 
2.81 
.95 
.32 
.31 
1.12 
.64 
.5G 


1.02 


13.  SS 


0.5S2 

1.18 

1.05 

3.00 

2.40 

1.34 

.600 

.210 

.213 

.673 

3.76 

1.19 


0.64 

1.23 

1.21 

3.35 

2.77 

1.50 

.69 

.24 

.24 

.78 

420 

1.37 


1.35    I 


18.20 


Ndrs.— Values  are  rated  as  follows:  1905  and  January  to  June,  1906,  excellent;  July  to  December. 
1906,  fair. 
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YAKIMA   RIVER   AT   PROSSER,    WASH. 

This  station  was  established  Februarj'  8,  19()6,  to  replace  the  old 
station  at  the  highway  bridge  below  Prosser  Falls,  described  in 
Water-Supply  Paper  No.  178,  page  48.  It  was  abandoned  October 
12,  1906,  as  it  was  found  unsuited  for  low-water  measurements  and 
as  the  flow  was  controlled  by  dams  above.  It  was  located  IJ  miles 
below  the  town  of  Prosser,  about  1}  miles  below  the  county  bridge 
across  Yakima  River  and  the  power  plant  of  the  Prosser  Falls  Land 
and  Power  Company,  and  about  2,000  feet  from  the  Northern  Pacific 
Railroad  tracks. 

The  channel  is  straight,  and  the  current  fairly  swift  except  at  low 
stages.  The  banks  are  of  earth,  intermingled  with  basaltic  bowlders; 
the  right  bank  is  high;  the  left  is  low  and  liable  to  overflow  at  ex- 
treme high  water.  The  bed  of  the  stream  is  composed  of  massive 
bowlders  and  angular  cobblestones.  There  is  one  channel  at  all 
stages. 

Discharge  measurements  were  made  from  a  cable  and  car,  which 
was  removed  when  the  station  was  abandoned.  The  initial  point 
for  soundings  is  a  cross  on  a  large  bowlder,  2  feet  back  of  the  shear 
legs  on  the  left  bank. 

A  wooden  inclined  gage,  which  was  read  by  G.  W.  Booth,  was 
located  on  the  right  bank,  80  feet  upstream  from  the  shear  legs. 
The  bench  mark  is  the  top  of  a  copper  plug  in  a  large  bowlder  about 
40  feet  downstream  from  the  gage;  elevation,  18.44  feet  above  the 
datum  of  the  gage  and  613.44  feet  above  sea  level. 

Discharge  mexisiirenienU  of  Yakivia  Rivrr  at  Prosser ,  Wash.^  in  190C. 


Date. 


Hydrographer. 


'.Width'  -^i^*"'       ^'»»?e  I^'»- 

I  "  *"'"j  swlion.      height.   ,  churKo. 


February  8 |  W .  C.  Muldrow 

February  23 do 

March  24 ' 

May  17 

Julvl2 

Au^st  18 

November  17  *  . 


J.  C.  Stevens 

W.C.  Muldrow. 

....do 

J.  C.  Stevens 

D.  C.  llenny.... 


Feet. 

:nu 

312 
303 
31« 
291 


{m 


\L 

Feet. 

Sfc.-ft. 

7.2()  ( 

4.1()0 

1,9W) 

H  04 

.■»,  4:)0 

1,610 

()  H4 

3,200 

2,0(iO 

8  2:,  1 

.•5.900 

I.IGO 

5  te  , 

1.47(» 

3.00 

n  100 

7. 476 

ti2.H00 

a  Estimated. 


fr  Measured  by  floats  from  new  highway  bridg(>  above  the  dam. 
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SURFACE   WATER   SUPPLY,   1906. 


DaUy  gage  height  y  in  feet,  of  Yabima  River  at  Pra$$€T,  Wash.,  for  1906. 


Day. 

Feb. 

liar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1 

2 

7.8 
7.8 
7.7 
7.5 
7.5 

7.5 
7.3 
7.2 
7.1 
7.0 

7.0 
6.9 
6.8 
6.7 
6.6 

ft.  6 
6.5 
6.6 
6.8 
8.0 

8.3 
8.2 
8.0 
7.9 

7.8 

7.7 

7.7 
7.6 

7.4 
7.2 
7.2 
7.2 
7.1 

7.0 
7.0 
7.1 
7.2 
7.4 

7.3 
7.1 
7.0 
7.2 
7.4 

7.3 
7.3 
7.2 
7.1 
6.9 

6.9 
6.8 
6.8 
6.8 
6.9 

7.0 
7.2 
7.4 
7.8 
8.0 
8.3 

9.5 
9.7 
9.4 
9.3 
9.3 

9.6 
10.1 
10.5 
10.5 
10.4 

10.1 
9.8 
9.4 
9.2 
9.2 

9.1 
9.2 
9.3 
9.3 
9.2 

9.2 
9.8 
10.5 
10.7 
10.5 

9.9 
9.6 
9.3 
9.2 
9.3 

9.7 
10.1 
10.1 
10.2 
10.2 

9.9 
9.5 
0.3 
9.0 
9.1 

9.3 
9.3 
9.0 
S.8 
8.6 

8.4 
8.2 
7.6 
7.0 
6.7 

7.3 
7.0 
7.0 
7.0 
7.2 

7.4 

8.4 
8.5 
8.4 
8.0 

7.8 

7.8 
77 
7.3 
7.8 
8.1 

8.3 
7.8 
7.7 
7.3 
7.0 

6.8 
7.2 
7.4 
7.5 
7.4 

7.3 
7.1 
7.0 
7.0 
6.9 

6.7 
6.5 
6.3 
6.2 
6.2 

6.2 
6.1 
6.1 
6.0 
5.8 

5.7 
5.6 
6.6 
5.5 
5.6 

5.7 
5.7 
5.8 
5.8 
5.7 

5.5 
5.4 
5.3 
52 
5.2 

5.1 
5.0 
4.9 
4.8 
4.7 

4.6 
4.5 
4.4 

4.2 
4.1 

4.0 
3.9 
3.8 
3.7 
3.6 
3.5 

3.4 
3.4 
3.3 
3.2 
3  2 

3.2 
3.3 
3.2 
2.9 
3.1 

2.8 
3.2 
2.6 
3.0 
3.0 

3.0 
3.0 
3.0 
2.6 
3.0 

2.9 
3.1 
2.9 
3.0 
2.8 

2.6 
3.0 
3.1 
3.0 
2.6 
2.6 

2.9 
3.0 
2.9 
2.9 
2.9 

2.7 
2.9 
2.9 
3.0 
3.0 

2.9 
2.9 
3.0 
3.0 
3.0 

3.0 
3.1 
3.2 
3.2 
3.2 

3.2 

3.0 
2.9 
3.0 
3.0 

3.1 
3.2 
3.0 
2.8 
2.6 

2.9 
3.1 

3.                        .        ..  .,. 

3  3 

4 

6 

ft 

7 

8 

3.4 

3.6 

3.4 

3.0 
3  1 

9 

.T5 

10 

3.8 

11 

3.8 

12 

3.8 

13 

14 

15 

,0 

17 

18 

19 

20 

21 . .                

22 

23 

24 

25 

26 

27 

28 

29       

30 

31 



Rating  table/or  Yakima  River  at  Prosser,  Wash,  y  for  1906. 


Feet. 
5.00 
5.10 
5.20 
5.30 
5.40 
5.50 
5.60 
5.70 
5.80 
5.90 
6.00 
6.20 


Dto-  ; 

chai]go.  I 

'  3ec.-ft. 

1,060 

1,140    , 

1,225 

1,310 

I    1,400 

1,500 

'     1,600 

1,710 

I     1,820 

I    1,940 

j    2,060 

2,310 


Oaee 
height. 

Dis- 
charge. 

Feet. 
6.40 

Sec.-A. 
2,580 

6.60 

2,880 

6.80 

3,160 

7.00 

3,480 

7.20 

3,820 

7.40 

4,170 

7.60 

4,530 

7.80 

4,910 

&00 

5,310 

8.20 

5,730 

a  40 

6,160 

8.60 

6,600 

Dis- 
t. '  chaige. 


Feet. 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 
10.00 
11.00 


Sec-n.  I 

7.050 

7,510 

7,980 

8,460 

8,940 

9,440 

0,940 
12,500 


Note.— The  above  table  is  applicable  onlv  for  open-channel  conditions.    It  Is  based  on  dischaise 
measuTements  made  during  190o  and  is  well  aeflned  between  gage  heights  5  feet  and  9  feet. 

Monthly  discharge  of  YahiTna  River  at  Prosser,  Wash.  ^  for  1906. 
[Drainage  area,  5,050  square  miles.] 


Dischaige  in  second-feet. 


Month. 


Maximum. 


February 

March 

April 

May 

June 

July 

August 

September 

October  1-12. 


The  period . 


Minimum. 


5,940 

2,720 

5,940 

3,160 

11,700 

7,740 

10,400 

3,010 

5,940 

1,820 

1,820 

230 

200 

40 

145 

40 

345 

80 

Mean. 


ToUl  in 
acre-feet. 


4,150 
3,860  ' 
9,130 
6,580 
3,600 
1,080      ! 

106      I 
98.0  ! 

210 


•230,000 

237,000 

543,000 

405.000 

214.000 

66,400 

6,530 

5,830 

5,000 


1,710,000 


Run-off. 


Sec.-rt.  per '  Depth  in 
sq.  mile,    i   inches. 


0.822 
.764 
1.81 
1.30 
.713 
.214 
.021 
.019 
.042 


0.86 
.88 
2.02 
1.50 
.80 
.25 
.02 
.02 
.02 


NOTE.- 

fair. 


Values  are  rated  as  follows:  February  to  June,  excellent;  July,  good;  August  to  October. 
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YAKIMA   RIVER   AT   KIONA,  WASH. 

This  station  was  established  August  20,  1895.  It  is  located  at  the 
highway  bridge  on  the  county  road  about  1,800  feet  northwest  of 
the  Northern  Pacific  Railway  station  at  Ejona,  Wash.  It  is  about 
23  miles  above  the  mouth  of  the  river.  The  conditions  at  this  sta- 
tion and  the  bench  marks  are  described  in  Water-Supply  Paper  No. 
178,  page  49,  where  are  given  also  references  to  publications  that 
contain  data  for  previous  years. 

The  staff  gage,  installed  December  23,  1906,  was  read  from  Jan- 
uary 1  to  March  22,  1906.  Subsequent  to  that  date  the  wire  gage 
was  used.  These  gages  are  referred  to  the  following  bench  marks: 
(1)  A  standard  U.  S.  Geological  Survey  iron  bench-mark  post  near 
the  Northern  Pacific  Railway  station;  elevation,  61.35  feet  above 
the  datum  of  the  gage  and  514.79  feet  above  mean  sea  level.  (2)  A 
stfkndard  U.  S.  Geological  Survey  iron  bench  mark  in  northeast  cor- 
ner of  H.  A.  Shandy's  lot  near  right  approach  of  highway  bridge; 
elevation,  18.99  feet  above  gage  datum.  These  elevations  were 
checked  during  1906. 

Discharge  measurements  of  Yakima  River  at  Kiona^  Wask.^  in  1906. 


Date. 

Hydrographer. 

Width. 

Area  of 
-section. 

Gase 
height. 

Dis- 
charge. 

February  21  a.. 
March  23 

W.C.  Muldrow 

Feet. 
265 
275 
301 
217 
67 
GO 
75 
1,600 

Sq.ft. 

1,580 

1,200 

1,850 

925 

82 

58 

96 

8,400 

4,250 

1,310 

Feet. 
7.14 
5.72 
8.09 
4.64 
2.99 
2.52 
3.07 
19.52 
15.00 
6.14 

Sec.'ft. 
5,480 

J.  C.  SteveDS 

2,870 

May  8,.    .   , 

W.C.  Muldrow.. 

7,700 

1,560 

309 

July  11 

do 

July  306 

do 

August  18  b.... 
October  136.... 

Muldrow  and  Stevens 

150 

W.C.  Muldrow 

285 

November  17  * . 

D.  C.  Henny 

61,600 

November  19  e . 

W.  C.  Muldrow 

31,700 

December  18 .  . 

do 

265 

3,570 

a  Mean  of  two  measurements.  t>  Measured  by  wading.  c  Measured  by  floats: 

DaUy  gage  heighty  in  feet,  of  Yahima  River  at  Kiona,  Wash.,  for  1906. 


Day. 


1. 
2. 
3. 

4. 
5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19 
20. 


4.55 
4.55  ! 
4.55 
4.55 

4.6    I 

4.6 
4.6    I 
4.6    I 
4.65  I 
4.65  I 
I 
4.65! 
4.65  ' 
4.6 
4.6 
4.6    • 

4.55; 
4.55  I 
4.55  I 
4.5 
4.45  I 


Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

6.35 

6.35 

8.5 

8.7 

6.8 

4.8 

2.8 

2.45 

2.75 

5.8 

6.45 

6.25 

8.8 

9.2 

6.7 

4.8 

2.8 

2.4 

2.8 

5.7 

6.65 

6.15 

8.6 

9.4 

6.5 

4.7 

2.7 

2.45 

2.85 

5.5 

6.55 

6.05 

8.45 

9.45 

6.7 

4.7 

2.7 

2.4 

2.9 

5.4 

6.45 

6.05 

8.4 

9.4 

6.9 

4.7 

2.7 

2.4 

2.95 

5.3 

6.35 

6.0 

8.8 

9.3 

7.2 

4.7 

2.7 

2.45 

3.0 

5.2 

6.25 

5.95 

9.3 

8.8 

6.9 

4.7 

2.7 

2.45 

3.0 

5.2 

6.15 

5.95 

9.7 

8.5 

6.8 

4.6 

2.65 

2.5 

3.0 

5.5 

6.15 

6.45 

9.8 

8.3 

6.4 

4.6 

2.6 

2.45 

3.1 

5.3 

6.05 

6.55 

9.75 

8.3 

6.3 

4.6 

2.6 

2.4 

3.2 

5.7 

5.05 

6.65 

9.35 

8.3 

6.2 

4.45 

2.6 

2.35 

3,2 

6.2 

5.9 

6.45 

9.05 

8.4 

6.1 

4.35 

2.55 

2.4 

3.1 

6.82 

5.75 

6.25 

l:S 

8.2 

6.3 

4.25 

2.6 

2.5 

3.05 

7.90 

5.6 

6.05 

7.9 

6.3 

4.2 

2.6 

2.55 

3.05 

10.4 

5.55 

6.25 

9,2 

7.6 

6.3 

4.1 

2.5 

2.55 

3.05 

13.02 

5.5 

6.45 

8.1 

7.55 

6.2 

4.0 

2.45 

2.6 

3.1 

17.34 

5.45 

6.35 

8.3 

7.25 

6.2 

3.9 

2.5 

2.6 

3.1 

19.78 

5.45 

6.25 

8.4 

6.95 

6.1 

3.8 

2.45 

2.55 

3.3 

17.55 

5.65 

6.05 

8.4 

6.55 

6.0 

3.7 

2.5 

2.5 

3.8 

15.62 

6.65 

5.85 

8.45 

6.3 

5.8 

3.6 

2.45 

2.55 

4.1 

12.84 

6.55 
6.55 
6.55 
6.6 
6.7 

6.7 
6.7 
6.7 
6.7 
6.7 

6.65 
6.6 
6.5 
6.4 
6.3 

6.3 

6.2 

6.15 

6.2 

6.3 
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50  SURFACE   WATER   SUPPLY,   1906. 

Daily  gage  height^  in  feet,  of  Yakima  River  at  Kiona,  Wash,  y  for  1906 — Continued. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

21 

..     4.4 

7.35 

5.9 

8.5 

6.2 

5.7 

3.6 

2.5 

2.6 

4.3 

10.62 

6.3 

22 

..     4.5 

7.2 

5.95 

8.7 

6.05 

5.5 

3.3 

2.45 

2.6 

4.3 

9.9 

6.9 

23 

..     4.65 

7.1 

5.95 

9.6 

6.0 

5.4 

3.2 

2.5 

2.65 

4.3 

8.9 

8.3 

24 

..'    4.M 

7.0 

5.85 

9.9 

5.9 

5.? 

3.1 

2.5 

2.65 

4.2 

8.5 

8.3 

25 

..      4.75 

6.75 

5.9 

9.7 

5.8 

5.2 

3.1 

2.65 

2.68 

4.2 

8.2 

8.2 

26 

..     5.75 

6.65 

5.9 

9.2 

6.2 

5.2 

3.0 

2.55 

2.7 

4.1 

8.0 

8.05 

27 

..     5.85 

6.45 

6.0 

9.0 

7.25 

5.1 

2.8 

2.55 

2.7 

4.3 

7.7 

8.05 

28 

6.25 

6.4o 

6.35 
6.55 

8.5 
8.4 

7.5 
7.4 

5.0 
4.9 

2.8 
2.8 

2.5 
2.55 

2.7 
2.7 

7.2 
7.0 

7.5 
7.1 

7.7 

29 

..      6.3 

7.6 

30 

..     6.35 

6.9 

8.5 

7.1 

4.8 

2.75 

2.5 

2.7 

6.7 

6.9 

7.3 

31 

6.25 

7.3 

7.0 



2.8 

2.4 

6.5 

7-3 

Note.— The  gage  heights  from  November  15  to  21  were  found  by  plotting  aeveral  readings  a  day,  and 
taking  the  mean  from  the  curve. 

Rating  table  for  Yakijna  River  at  Kionay  Wash.,  from  October  1,  1905,  to  December  SI, 

1906. 


Gage 
heSit 

DiJv- 
charge. 

Sec.-fl. 

Gage 
height. 

Feet. 

Dis- 
charge. 

Sec.-ft. 

1    Feet. 

Dis- 
charge. 

Sec.-ft. 

!    QBoe 
heigki. 

1     Feet. 

Dis- 
charge. 

Sec.-ft. 

Gage 
height. 

Feet. 

Dis- 
charge. 

Feet. 

Sec.-ft. 

2.30 

90 

3.60 

620 

4.90 

1,780 

6.40 

3,990 

.    9.00 

9,590 

2.40 

120    , 

3.70 

690 

5.00 

1,900 

,     6.60 

4,350 

10.00 

12,100 

2.50 

150    1 

3.80 

760 

5.10 

2,020 

,     6.80 

4,740 

11.00 

14,S50 

2.60 

180    . 

3.90 

835 

5.20 

2,150 

7.00 

5,140 

12.00 

18,150 

2.70 

210 

4.00 

910 

5.30 

2,280 

7.20 

5,650 

13.00 

21,100 

2.80 

245    , 

4.10 

990 

5.40 

2,420 

'    7.40 

5,970 

14. CO 

26,3£0 

2.90 

280    1 

4.20 

1,070 

'    5.50 

2,560 

7.60 

6,390 

,  15.00 

31,700 

300 

315     1 

4.30 

1,160 

'    5.60 

2,700 

;    7.80 

6,830 

1  16.00 

37,600 

3.10 

355 

4.40 

1,250 

,    5.70 

2,850 

800 

7,270 

17.00 

44.000 

3.20 

400 

•4  50 

1,350 

5.80 

3,000 

i    8.20 

7,710 

18.00 

50,800 

3  30 

450 

4.60 

1,460 

5.90 

3,160 

1    8.40 

8,170 

19.00 

57,800 

3.<0 

500 

4.70 

1,560 

600 

3,320 

l'    8.60 

8,630 

20.00 

65,100 

3.50 

.M5 

4.80 

1,670 

6.20 

3,650 

.«,«« 

9,110 

Note.— The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  discharge 
measurements  made  during  1897-1906  and  is  well  denned. 

Monthly  discharge  of  Yakima  River  at  Kiona,  Wash.,  for  1905-6. 
[Drainage  area.  5,230  square  miles.] 


Month. 


1905. 

October  o 

November «» 

Decemijero 

1900. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Theyeiir 


Discharge  in  second-feet. 

ToUl  In 

Run-off. 

Maximum. 

Minimum. 
.90 

Mean. 

acre-feet. 

Sec.-ft.  per 
sq.  mile. 

0.473 

Depth  In 
inches. 

4,740 

2,470 

152,000 

O.-W 

2,560 

1.560 

1,860 

111,000 

.356 

.44 

1,900 

1,450 

1,710 

105,000 

.327 

.44 

3,900 

1,250 

1,850 

114,000 

.354 

.11 

5,860 

2.490 

3,840 

213.000 

.734 

.76 

5,760 

3,080 

3,710 

228,000 

.709 

.82 

11,800 

7.490 

9,400 

659,000 

1.80 

2.01 

10,700 

3,000 

6,620 

407.000 

1.27 

1.46 

5,550 

1,670 

3,440 

2a5.000 

.658 

.73 

1,670 

228 

923 

56.800 

.176 

.20 

245 

120 

172 

10,600 

.033 

.04 

210 

ia> 

162 

9,640 

.031 

.03 

5.550 

228 

1,120 

68,900 

.214 

.25 

63,,')00 

2,150 

12,400 

738,000 

2.37 

2.61 

7.940 

3,560 

5,010 

308,000 

.958 

1.10 

G3.500 

lOi 

4,ay) 

2,920,000 

.776 

10.45 

a  These  values  supersede  those  published  in  Water-Supply  Paper  No.  178,  which  were  In  error.    The 

Sublished  gage  heights  for  1905  were  in  error  as  follows:  October  21  to  Novemlier  9,0.7  foot  too  high; 
fovember  10  to  29, 0.2  foot  too  high;  November  30  to  December  19, 0.3  foot  too  high,  and  from  December 
19  to  23,  0.35  foot  too  high. 


Note.— Values  for  1905  and  190b  are  rated  as  good. 
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YAKIMA   RIVER   NEAR   RICHLAND,    WASH. 

This  station  was  established  July  28,  1906,  for  the  purpose  of 
determining  the  amount  of  water  wasted  into  Columbia  River.  It 
is  maintained  only  during  the  irrigating  season.  It  is  located  at 
Yakima  Ferry,  near  the  mouth  of  Yakima  River,  and  below  the 
headgate  of  the  Amon  Canal,  the  last  diversion. 

The  channel  is  straight,  the  banks  are  high  and  clean.  The  bed  of 
the  stream  is  composed  of  gravel  and  bowlders. 

Measurements  are  made  by  wading  at  any  convenient  place  near 
the  gage. 

The  gage,  which  was  read  during  the  season  by  J.  E.  See,  is  a  1  by 
6  inch  board  bolted  to  a  large  bowlder  in  midstream,  500  feet  below 
the  ferry.  The  bench  mark  is  a  cross,  marked  B.  M.,  on-  a  large, 
round  bowlder  in  the  channel,  at  right  angles  to  the  direction  of  cur- 
rent from  the  old  cribworks  on  the  right  bank,  where  an  old  water  lift 
wheel  was  located;  elevation,  5.05  feet  above  the  datum  of  the  gage. 

Discharge  meaauremtnis  of  Yakima  River  near  RiMandy  Wash.,  in  1906. 


Date. 


Hydrographer. 


July  28 W.  C.  Muldrow . 

August  17 1  J.  C.  Stevens . . . 

October  13 1  W.  C.  Muldrow . 


Width. 


Feet. 


Area  of       Gai 


16 
100 


sectioD.     height,      charge. 


Sq.ft. 
122 
12 
140 


Feet,     i 
1.46 
.63 
1.5.5  I 


Di8- 


Sec.-ft. 

m 

9.4 
195 


Daily  gage  height ,  in  feet ,  of  Yakima  River  near  Richland  j  Wash.,  for  1906. 


Day.      July.  Aug. 


Sept..  Oct.  I 


Day.     July. 


1 

1.25 

1.15 

1.1 

1.5 

10 

0.9 

.8 

.75 

.7 

.75 

.7 

n« 

2 

.6 

3 

.6 

4 

.0 
.6 
.6 
.0 
.0 
.6 
.0 
.6 

5 

6 

7 

8 

9 

10 

U 

08 
.85 
1.0 
1.25 
1   o 

i'35 
1  3 

1 ; 


12.. 

13.. 

14.. 

15.. 

16.. 

17.. 

18.. 

19.. 
1.28      20. 
1.6        21. 
1.55      22. 


Aug. 

Sept. 

07 

0.6 

.7 

.6 

.65 

.6 

.65 

.6 

.05 

.6 

.65 

.6 

.6 

.6 

.6 

.0 

.6 

.6 

.6 

.6 

.6 

.6 

Oct.  I     Day.     July.   Aug. 


1.6 

U3 

0.6 

1.55 

1  24... 

.6 

1.52 

25... 

1 

.6 

1.6 

,26... 

.6 

1.7 

1  27... 

.0 

1.75 

1  28... 

-.1  1.6 

.6 

1.78 

29... 

..    1.4 

.6 

1.9 

30... 

..    1.35 

.6 

2.8 

31... 

.J  1.25 

.6 

Sept. 


Oct. 


0.0 

.6    I 

.75  ' 

.8 

.88 

.8 

.8 


Rating  table  for  Yakima  River  near  Richland,  Wash.,  from  July  -28,  1906,  to  October  19, 

1906. 


I   Gage  I     Dis- 
heignt.   chaise. 

Feet.     Sec.-ft. 

0.60  8 

0.70  I         13 

i    aSO  I         21 


Feet.  ' 
0.90 
1.00 
1.10 

Dis-     1 
charge. 

Sec.-ft. 
31 
46 
66 

Gage 
height. 

Feet. 
1.20 
1.30 
1.40 

Dis- 
charge. 

Sec.,t. 

114 
145 

Gage 
height. 

Dis- 
charge. 

Feet. 
1.50 
1.60 
1.70 

235 
280 

Feet. 
1.80 
1.90 


Sec.-Jt. 
340 
400 


Note.— The  above  table  is  baaed  on  3  discharge  measuremoDts  made  during  1906  and  is  not  well 
defined. 
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52  SURFACE   WATER   SUPPLY,   1906. 

Monthly  discharge  of  Yakima  River  near  Richland,  Wash,  far  1906. 


Month. 


July  (28-31)... 

August 

September 

October  (1-19) . 


Discharge  in  second-fret. 


Maximum.   Minimum.      Mean. 


186  { 
185 
29  ! 
400  I 


100 

8| 
21  i 


140 
24.6 

ia7 

178 


Total  in 
acre-feet. 


1,110 

1,510 

637 

6,710 


The  period. 


T 


9,970 


NoTiE.— Values  are  rated  as  fair. 


LAKE  KEECHELUS  NEAR  MARTIN,  WASH. 

This  station  wa^  established  January  12,  1906,  to  obtain  the  fluc- 
tuations of  the  lake  surface  and  the  amount  of  stored  water.  It  is 
located  at  the  foot  of  the  lake,  4  miles  northeast  of  Martin,  Wash., 
on  the  State  road  over  Snoqualmie  Pass. 

All  gage  heights  for  1906  refer  to  the  level  of  the  sill  of  the  outlet 
tunnel  of  the  dam,  which  is  2,457.00  feet  above  sea  level.  The  bench 
mark  is  a  spike  in  the  root  of  a  stump  on  the  right  bank  of  the  outlet 
near  the  abutment  of  the  dam;  elevation,  16.05  feet  above  the  datum 
of  the  gage  and  2,473.05  above  sea  level. 

Daily  gage  height,  in  feet,  of  Lake.  Keechelus  near  Martin,  Wash,  for  1906. 


Day 

Jan. 

Feb. 

Mar. 

Apr. 

1 

j 

1.72 
1.62 
1.53 
1.43 
1.35 

1.32 
1.31 
1.30 
1.28 
1.26 

1.24 
1.22 
1.20 
1.18 
1.16 

1.16 
1.17 
1.20 
1.70 
1.84 

1.87 
1.86 
1.84 
1.84 
1.80 

1.75 
1.67 
1.58 





1.48 
1.41 
1.33 
1.28 
1.25 

1.20 
1.16 
1.16 
1.22 
1.30 

1.33 
1.36 
1.34 
1.32 
1.28 

1.24 
1.24 
1.18 
1.18 
1.13 

1.10 
1.08 
1.06 
1.04 
1.02 

1.04 
1.08 
1.11 
1.16 
1.26 
1.56 

1.73 
1.86 
1.84 
1.84 
1.91 

2.10 
2.37 
2.53 
2.58 
2.53 

2.42 
2.30 
2.16 
2.06 
2.04 

2.00 
2.25 
2.32 
2.34 
2.46 

2.76 
3.04 
3.07 
2.98 
2.92 

2.88 
2.82 
2.80 
2.90 
3.02 

2 

3 1 

4.. 

5 ' 

6 ' 

7.        

8 1 

9 

10 1 

11 1 

12 

13 

14 

15 

16 

17 

18 

19 

,  a86 

1   .85 

,   .83 

1   .77 

'   .92 

94 

i  1.00 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

1  1.46 

1.57 

1  1.77 

1  2.30 

2. 20 

2.14 

;  2.03 

,  1.93 

31 

1  1.82 

1 



8.17 
3.57 
3.54 
3.50 
3.39 

a  16 
3.02 
2.96 
3.03 
3.25 

3.30 
3.28 
3.09 
2.90 
2.95 


1 


2.84 
2.73  i 
2.56  I 
2.43  I 
2.36 


2.30 
2.28 
2.21 
2.17 
2.26 

2,65 
2.69 
2.62 
2.53 
2.56 
2.52 


2.47 
2.40 
2.40 
2.63 
2.58 

2.51 
2.44 
2.34 
2.24 
2.19 

2.15 
2,22 
2.17 
2,14 
2.11 

2.06 
2.03 
2.00 
1.96 
1.94 

1.94 
1.99 
1.96  I 
1.92  , 
1.90  I 


July.  \  Aug. 


1.86  ' 
1.86  I 
1.83 
1.84  I 
1.82 


1.78 
1.78  I 
1.73 
1.70 
1.68 

1.64 
1.58 
1.52 
1.47 
1.44 

1.43 
1.37 
1.34 
1.31 
1.26 

1.24 
1.21 
1.17 
1.13 
1.10 

1.06 
1.04 
1.02 

.97 

.94 

92 
90 
88 
86 
85 
84 


0.82 
.80 
.78 
.78 
.76 

.75 
.75 
.74 
.73 
.72 

.70 
.70 
.69 
.64 
.64 


.152 
.61 
.60 

.60 
.58 
.56 
.54 
.52 

.50  ' 
.49 
.48 
.46  I 
.43  ' 
.41 


Sept.     Oct      Not.     Dee. 


— 

0.40 

a44 

.88 

.46 

.37 

.54 

.36 

.91 

.35 

.93 

.32 

.92 

.36 

.88 

.36 

.94 

.36 

.99 

.36 

1.00 

.33 

.97 

.32 

1.01 

.32 

1.04 

.52 

1.10 

.54 

1.32 

.52 

1.67 

.50 

2.22 

.46 

2.64 

.42 

2.64 

.40 

2.50 

.37 

2.27 

.35 

2.16 

.34 

2.n 

.34 

2.06 

.40 

2.17 

.47 

2.27 

.48 

2.32 

.50 

2.47 

.48 

2.67 

.45 

2.57 

2.37 

2.22  ,  3.12 

2.06  \  3.31 

2.02  ,  3.41 

1.99  I  3.50 

1.94  *  3.85 

2.06  '  4.12 

2.22  4.59 

2.  44  4.  82 

2.64  I  &01 

3  16  &  00 

370  ;  5l20 
392  I  4.GG 
5.73  4.21 
&09  :  4.01 
393 

381 

4,03 

4.01 

4.41 

4.01 

I 

,  4.95 

I  4.75 

, !  4.52 

4.31 

4.29 

1  4.60 

5.02 

I  532 

563 

312  1  5.95 
6l22 
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KACHESS   LAKE    NEAR   EASTON,    WASH. 

This  station  was  established  September  20,  1905,  in  order  to  deter- 
mine the  amount  of  storage  in  Kachess  Lake.  The  datum  of  the 
gage  is  the  same  as  during  1905. 

Daily  gage  height,  in  feet,  of  Kachess  Lake,  near  Easton,  Wash.,  for  1906. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

M.,. 

June. 

July. 

Aug. 

a25 
a2 
a2 
a  15 
a  15 

a  15 

ai 

ai 

ao5 

ao 

29 

2.85 

2.75 

27 

2.65 

2.65 

2.5 

24 

23 

2.2 

21 

2.05 

2.0 

1.9 

1.9 

1.8 
1.7 
1.7 
1.6 
1.5 
1.45 

Sept. 

1.36 

1.3 

1.2 

1.1 

1.1 

1.0 
1.0 
.95 

:l 

.8 

.75 

.75 

.8 

.75 

.7 

.7 

.7 

.65 

.6 

:l 

.6 

.55 

.6 

.55 

.6 

.6 

.55 

.5 

Oct. 

0.55 
.6 
.6 
.65 
.65 

.65 

.65 

.65 

.6 

.65 

.65 

.65 

.65 

.7 

.75 

.85 
1.1 
1.25 
1.3 
1.3 

L3 

1.3 

1.25 

1.3 

1.4 

23 
2,7 
2,7 
26 
2.6 
2  45 

Nov. 

Dec. 

1 

2 

5::::::;;::::::: 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

1.25 

1.2 

1.15 

1.2 

1.15 

1.25 

L15 

1.15 

1.2 

1.15 

1.1 
1.1 
1  15 
1.15 
1.15 

l.l 
1.1 
1.1 
1.1 
1.1 

1.15 
1.16 
1.3 
1.35 
1  45 

1.65 

17 

1.9 

ZO 

2.15 

2.15 

2.2 

2.2 

215 

2.15 

2.15 

21 

2.05 

2.05 

2.0 

2.0 

2.05 

1.95 

1.9 

1.9 

1.8 

1.7 

1.7 

1.85 

1.9 

1.95 

1.9 

2.0 

1.9 

1.85 

1.95 

2.0 
1.95 

1.95 

1.9 

1.85 

1.8 

1.8 

1.7 
1.6 
1.6 
1.6 
1.6 

1.6 
1.6 
1.6 
1.6 
1.55 

1.55 
1.55 
1.55 
1.55 
1.5 

1.5 
1  5 
1.4 
1.4 
1.5 

1.4 
1.4 
1.4 
1.5 
1.5 
1.5 

1.7 
1.8 
1.9 
2,0 
2.0 

2.1 

2.25 

2.5 

2.65 

2.7 

2.7 
26 
2.6 
2.6 
2.*6 

2.65 

2.7 

27 

2.8 

2.8 

3.0 
3.3 
3.4 
3.5 
3.5 

3.5 
3.5 

a5 

3.5 
3.55 

11 
3.8 
3.8 
3.75 

3.7 
3.6 
3.5 
3.5 
3.6 

3.8 
4.0 
4.1 
4.2 
4.4 

4.6 
4.7 
4.8 
5.0 
5.15 

5.25 
5.35 
5l4 
5l45 
5  45 

5.45 

5.5 

5.5 

5.55 

5.55 

5.5 

5.6 

5.65 

5.8 

6.0 

6.05 

&1 

6.1 

6.05 

6.0 

6.0 

&9S 

5.95 

5.9 

5.9 

5.85 

5.85 

5.75 

57 

5.7 

5.7 

5.75 

5.8 

5.8 

5.8 

5.8 

5.75 
5  65 
5.6 
5.5 
5.45 

5.4 

5.3 

5.25 

5.2 

5.1 

5.05 

5.0 

4.9 

4.8 

4.7 

4.6 

4.5 

4.45 

4.35 

4.25 

4.2 
4.1 
4.0 
3.9 

as 

Z.7 

ae 
a5 
a5 
a  4 

a4 
a35 
a  3 
as 
a  3 
a  3 

2.45 

2.35 

2.3 

22 

2.2 

2.4 
2.5 
2b5 
2.75 

ai 

a  4 
a92 
5.28 
8.18 
9.46 

9.34 

8.72 

8.1 

7.6 

7.1 

6.6 
6.2 
5.8 
5.4 
5.3 

4.9 
4.5 
4.4 
4.2 
4.0 

a  85 
a  6 
a?5 
a  2 
ao 

2.85 

2.9 

2.8 

2.6 

2.5 

2  4 

2.3 

2.2 

2.15 

2.1 

2.05 

1.95 

1.9 

2.0 

215 

2  2 

22 

2.25 

23 

2.2 

24 

215 

25.                   

2.1 

26 

2.1 

27 

2.1 

28 

29 

2.05 
2  0 

.10 

1.95 

31 

1.9 

KACHESS   RIVER   NEAR   EASTOX,    WASH. 

This  station  was  established  October  14,  1903.  It  is  located  2  miles 
northwest  of  Easton,  Wash.,  and  one-half  mile  below  the  foot  of  Lake 
Kachess,  at  the  outlet  of  which  a  dam  has  been  constructed  by  the 
Cascade  Canal  Company.  This  dam  controls  the  flow.  The  condi- 
tions .at  the  station  and  the  bench  marks  are  described  in  Water-Sup- 
ply  Paper  No.  178,  page  78,  where  are  given  also  references  to  publi- 
cations that  contain  data  for  previous  years. 

Discharge  measurements  of  Kachess  River  near  Easton,  Wash.,  in  1906. 


Date. 


Hydographer. 


'  Width. 


Mareb  16 J.  C.  Stevens 

Mayl W.C.  Muldrow 

July  16 do 

August  11 ; do 

August  23 ! do 

September  24 . .  I do 

October  29 i  Muldrow  and  McGlasban . 

Nov«mber26.J  W.  C.  Muldrow 


Fen. 
70 


Area  of 
section.  I 


Sq.ft. 
113  I 


Gage 
height. 

Feet.     I 
a86  ; 


229 

5.45 

120 

4.01  i 

94 

a  62  ] 

97 

a  63 

67 

a  23 

164 

4.60 

230 

5.50 

Dis- 
charge. 


Sec.-ft. 
215 
732 
256 
156 
149 
74 
428 
722 
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SUBFACE   WATER   SUPPLY,   1906. 


Daily  gage  height,  in  feet,  of  Kachess  River  near  Eastcniy  Wash.,  for  1906. 


Day. 


Jan.  i  Feb.     Mar. 


8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22., 
23.. 
24. 
25. 

26., 
27.. 
28.. 
29. 
30.. 
31.. 


1 a7 

2 3.05 

3 3.65 

4 1  3.65 

5 1  3.65 


3.7 

a65 

3.65 

3.7 

3.6 

3.6 
3.6 
3.6 
3.6 
3.6 

3.6 
3.6 
3.6 
3.6 
3.0 

3.G5  I 
3.05 
3.7 
3.8 

3.85 

4.0  . 
4.0 

4.1  ; 
4.1    . 
4.1 
4.15  I 


4.2 

4.2 

4.2 

4.15 

4.2 

4.15 

4.15 

4.15 

4.1 

4.1 

4.1 
4.1 
4.05  , 
4.0    I 

a95  I 

3.9 
3.9 
3.95  , 
4.0 
4.05 

4.05 

4.15 

4.1 

4.1 

4.1 

4.15 

4.1 

4.1 


4.1 
4.0 
4.0 
4.0 
4.0 

3.9 
3.9 
3.9 
3.9 
3.9 

3.9 
3.9 
3.9 
3.9 
3.9 

3.9    , 
3.9 
3.85  I 


3.95 

4.0 

4.05 

4.1 

4.1 

4.2    I 
4.35  , 
4.45 
4.55 
4.6    ' 

4.55  I 

4.5 

4.5 

4.5 

4.5 

4.55 

4.6 
4.6 


3.8 

4.oa 
4.65 

3.8 

4.8 

3.8 

5.0 

3.75 

5.05 

1    3.75 

5.15 

1    3.8 

5.2 

3.75 

5.2 

a  75 

5.2 

3.75 

5.2 

3.8 

5.3 

3.8 

5.4 

'    3.81 

5.45 

3.95 

4.25 

a3 

165 

12 

4.4 

5.1 

5.5 

a9 

4.2 

a3  j 

16 

125  , 

4.3 

5.0 

5.5 

4.0 

4.15 

3.25 

16 

13    1 

4.2 

4.9 

5.5 

4.1 

4.2 

a2 

16 

136 

4.0 

4.9 

5.45 

4.2 

4.2 

3.2 

155 

135  1 

12 

4.8 

5.4 

4.3 

4.25 

12 

15 

135 

12 

4.6 

5.4 

4.3 

4.3 

3.2 

15 

135 

13 

4.6 

5.3 

4.25 

4.2 

125 

15 

13 

13 

4.5 

5.3 

4.6 

4. 15 

16 

145 

13 

135 

4.45 

5.4 

4.6 

4.1 

165 

145 

13 

14 

4.4 

4.5 

4.6 

4.05 

16    ; 

14 

13 

145 

4.35 

4.25 

4.55 

4.0 

16 

14 

13 

172 

4.35 

4.2 

4.55 

4.0 

16 

135 

13 

4.68 

4.3 

3.7 

4.5 

4.1 

16    * 

135 

la-) 

&64 

4.2 

3.7 

4.5 

4.06 

16 

135 

14 

7.85 

4.15 

3.8 

4.45 

4.0 

165 

13 

145  ; 

8.0 

4.1 

3.7 

4.45 

4.0 

165 

13 

155  1 

7.82 

4.1 

3.65 

4.4 

3.95 

175 

13 

165 ; 

7.5 

4.05 

3.6 

4.1 

a85 

175 ; 

13 

17 

7.2 

4.a> 

3.6 

4.1 

as 

3.7     1 

125 

17 

6.8 

4.1 

3.65 

4.0 

3.85 

17 

125 

17 

6.6 

4.15 

3.65 

3.95 

3.8 

165 

125 

17 

6.4 

4.  25 

a6 

3.9 

3.7 

17     1 

12 

165 

6.1 

4.2 

3.6 

3.9 

3.4 

16    ! 

12 

165 

5.85 

4.2 

.4.2 

4.5 

3.3 

17 

13 

17    , 

5.7 

4.15 

4.55 

4.55 

a3S 

17    1 

125 

4.45  1 

5.5 

4.15 

4.55 

4.55 

3.45 

165 

125 

4.8 

5.3 

4.15 

4.6 

4.5 

a35 

16    1 

125 

4.7 

5.3 

4.1 

4.6 

4.5 

3.3 

17    ' 

12 

4.6 

5.2 

4.1 

4.6 

4.35 

a25 

165  i 

12 

4.6 

5.15 

4.05 

4.55 

a3 

16 



4.4 



4.0 

Note.— Gage  heights  for  November  12  to  17  were  found  by  plotting  several  readings  a  day  and  taking 
the  mean  from  the  curve. 

Rating  table  for  Kachess  River  near  Easton,  Wash.,  for  1906. 


'    Gage 
height. 

Dis- 
charge. 

heigSt. 

Dis- 
charge. 

he^t. 

Dis- 
charge. 

Feet. 

Ser..,. 

Feet. 

'"i£- 

Feet. 

Sec.-ft. 
475 

,    3.20 

4.00 

4.80 

3.30 

80 

4.10 

266 

4.90 

510 

3.40 

98 

4.20 

294 

5.00 

545 

'    3.50 

118 

4.30 

322 

5.10 

580 

3.60 

140 

4.40 

350 

5.20 

615 

3.70 

164 

4.50 

380 

5.30 

655 

3.80 

188 

4.60 

410 

5.40 

695 

3.90 

214 

4.70 

442 

5.50 

735 

Feet. 
5.60 
5.70 
5.80 
5.90 
6.00 
6.20 
6.40 


Dis- 

Gage 
height. 

Dis- 

charge. 

charge. 

"'U'- 

,    Feet. 
1    6.80 

T^- 

830 

7.00 

1.560 

880 

.  7.20 

i,e«o 

930 

7.40 

1.830 

980 

7.60 

1,980 

1.090 

7.80 

2,140 

1,200 

8.00 

2,300 

1.320 

Note.— The  above  table  is  applicable  onlv  for  open-channel  conditions.    It  is  based  on  discharge 
measurements  made  during  1906  and  Is  well  defined  lielow  gage  height  5.5  feet. 

Monthly  discharge  of  Kachess  River  near  Easton,  Wash.,  for  1906. 
[Drainage  area,  63  square  miles.] 


Month. 


January 

February . . . 

March 

April 

May 

June 

July 

August 

Septeml)er. . 

Octoiier 

Novemix'r.. 
December.. 


The  year. 


Discharge  in  second 

-feet. 

Run-ofT. 

Total  in 

-_    _ 

Maximum. 

Minimum. 

Mean. 

acre-feet. 

Sec.-ft.per   Depth  in 
sq.  mile.       inches. 

1 

280 

140 

173 

10,600 

2.75             117 

29i 

214 

263 

14,600 

4.17 

4.34 

266 

176 

206 

12,700 

127 

177 

695 

227 

434 

25,800 

6.89 

7.69 

735                  140 

401 

24.700 

6. 37              7. 34 

'               410  .               214 

325 

19,300 

5.16 

5.76 

!               322                    71 

211 

13.000 

135 

186 

'               176                   62 

131 

8,060 

2.06 

2.40 

140                    62 

92.8 

5,520 

1.47 

1.64 

1               475                    62 

168 

10,300 

2.67 

106 

2,300                    62 

798 

47,500 

12.67 

14.14 

580                  240 

337 

20,700 

5.35 

6.17 

2,300 

62 

295 

213,000 

4.68 

63.36 

Note.   -Values  are  rated  as  follows:  January  to  March  and  July  to  October,  good;  remainder  of  year, 
excellent. 
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CLEALUM    RIVER   NEAR    ROSLYN,    WASH. 

This  station  was  established  October  10,  1903.  It  is  located  1,000 
feet  below  the  outlet  of  Lake  Clealum.  It  is  2 }  miles  northwest  of 
Roslyn  and  6i  miles  northwest  of  Clealum,  Wash.  On  March  17, 
1906,  the  gage  was  lowered  to  the  same  datum  as  was  used  prior  to 
August  28,  1905.  All  gage  heights  of  1906  refer  to  this  datum,  17.40 
feet  below  the  bench  mark,  which  is  a  large  spike  driven  into  a  root 
on  the  downstream  side  of  the  blazed  tree  on  the  left  bank  to  which 
the  cable  is  fastened.  The  gage  was  read  during  1906  by  Mark 
Barkwell,  Mrs.  Samuel  Davis,  and  employees  of  the  United  States 
Reclamation  Service  .  The  conditions  at  this  station  and  the  bench 
marks  are  described  in  Water-Supply  Paper  No.  178,  page  80,  where 
are  given  also  references  to  publications  that  contain  data  for  pre- 
vious years. 

Dischctrge  meaguremenU  of  Clealum  River  near  Roslyn^  Watih.,  in  1906. 


Date. 


Hydrographer. 


March  17  a J.  C.  Stevens *. 

Mays I  W.  C.Muldrow 

Juiy  18« do 

August  13  * I do 

Aogust  24  6 -  Stevens  and  Muldrow 

October  3i i  Muldrow  and  McGIashan . 

November  27. . .    W.  C.  Muldrow 


Width. 

Area  of 
section. 

Gage 
height. 

Feet. 

Sq.ft. 

Feet. 

124 

720 

2.35 

148 

1,220 

5.98 

125 

753 

2.90 

80 

139 

1.96 

82 

114 

1.58 

128 

883 

3.50 

125 

78tl 

3.01 

Dis- 
charge. 


Sec.-ft. 
526 
3,370 
774 
443 
264 
1,150 
780 


a  Large  amount  of  dead  water.  b  Measured  by  wading. 

Daily  gage  height^  in  feet,  of  Clealum  River  near  Roslyn,  Wash.,  for  1906. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

3.2 
3.1 
2.9 

2.8 
2.7 

2.7 
2.8 
2.9 
2.9 
3.2 

4.0 
4.2 
6.3 
11.1 
14.0 

11.6 
8.6 
6.6 
6.4 
4.8 

4.2 
3.9 
3.6 
3.4 
3.3 

3.0 
3.0 
2.9 
2.8 
2.7 

Dec. 

1 

1.8 
1.75 
1.72 
1.72 
1.7 

1.7 

1.75 

1.72 

1.75 

1.75 

1.75 

1.72 

1.72 

1.7 

1.7 

1.7 
1.7 
1.7 
1.7 
1.7 

1:4 

1.8 
2.0 
2.3 

2.7 
2.9 
3.0 
3.0 
3.0 
3.0 

3.1 

3.2 

3.15 

3.1 

3.0 

2.9 
2.8 
2.7 
2.6 
2.55 

2.5 

2.4 

2.4 

2.32 

2.3 

2.25 

2.2 

2.4 

2.5 

2.7 

2.8 
2.8 
2.8 
2.7 
2.7 

2.7 
2.6 
2.52 

2.45 
2.4 
2.35 
2.3 
2.25 

2.2 
2.2 
2.2 
2.3 
2.4 

2.5 

2.5 

2.58 

2.5 

2.5 

2.45 

2.4 

2.3 

2.28 

2.1 

2.0 
2.0 
2.0 
1.8 
1.8 

1.9 

2.0 

2.05 

2.1 

2.5 

3.4 

4.0 
4.0 
3.9 
3.8 
3.9 

4.4 

4.7 
4.9 
4.8 
4.5 

4.3 
4.0 
3.8 
3.7 
3.7 

3.9 
4.2 
4.3 
4.3 
4.4 

4.9 
5.9 
6.1 
5.7 
5.2 

4.9 
4.7 
4.7 
5.0 
5.4 

6.0 
6.1 
6.0 
6.0 
5.8 

5.3 
5.0 
4.9 
6.0 
5.5 

5.7 
5.6 
5.1 
4.8 
4.7 

4.6 
4.2 
4.0 
3.9 

3.8 

3.7 
3.7 
3.7 
3.8 
3.9 

4.5 
4.9 
4.8 
4.4 
4.2 
4.2 

4.1 

1.6 
1.6 
1.6 
1.6 
1.6 

1.6 
1.6 
1.6 
1.6 
1.7 

1.7 
1.7 
1.7 
1.7 
1.7 

1.7 
1.7 
1.7 
1.7 
1.6 

1.6 
1.6 
1.6 
1.6 
1.7 

1.8 
1.8 
1.8 
1.9 
1.9 

1.7 
1.7 
1.8 
1.8 
1.9 

1.9 
1.9 
1.9 

1.8 
1.8 

1.8 
1.9 
1.9 
1.9 
2.0 

2.2 
2.6 
2.7 
2.8 

2.8 

2.7 
2.6 
2.  .5 
2.5 
2.5 

6.7 
6.6 
5.4 
4.5 
3.9 
3.5 

2  7 

2 

4.0 
4.1 
4.7 

4.8 

2.6 

3 

2.5 

4 

2.4 

5       



2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 

2.4 

6       

4.5    

4.1    

3.9    

3.8    

2.4 

2.4 

8  

2  3 

9 

2.3 

10 

2.3 

11 

1 

2.3 

12 .•.. 

2.3 

13 

2.2 

14     

2  2 

15 

2.2 

Ifi 

2.2 

17       

2.0 
2.0 
1.9 
1.9 

l.l 
1.1 
l.l 
1.1 

1.4 
1.5 
1.5 
1.6 
1.6 
1.6 

2.2 

IS 

2.2 

19 

2.Q 

2.3 

20 

2.3 

21 

2.3 

22 

2.1 

2.4 

23 

2.5 

24 

1 

2.5 

25 

1 

2.5 

26 

2  5 

27 

2.5 

28 

2  4 

29     .. 



2.0 

2  4 

30 

2.4 

31 

2.4 
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SURFACE   WATER   SUPPLY,   1906. 


Rating  table  for  Clealum  River  near  Roslyn,  Wa$h.yfor  1906. 


Gase       Dl8-    l|   Case 
heignt.  chaq^.  ;  I  height . 


Feet. 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 


Sec.'fl. 

165 
190 
215 
240 
270 
300 
330 
360 
390 
425 


Feet. 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 


Dls-     I 
charge.  ! 


I     Dio-    1  Oase       Dia-    i| 
charge,    heignt.  ch*ige.  ' 


Sec.-ft. 
460 
496 
530 
570 
610 
660 
605 
740 
785 


Feet 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.20 
4.40 
«.60 


Sec-fl. 
940 
905 
1,050 
1,110 
1,170 
1,230 
1,295 
1,360 
1,500 
1,640 
1,800 


Feet 
4.80 
5.00 
5.20 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 
6.60 


1,970 
2,190 
2,350 
2,550 
2,760 
2,980 
3.200 
3,440 
3,680 
3,920 


a. 

Dis- 
charge. 

Feet. 

Sec-fi. 
4.160 

6.80 

7.00 

4,400 

8.00 

5.800 

9.00 

7,340 

10.00 

9.040 

11.00 

10.900 

12.00 

12,940 

13.00 

15,200 

14.00 

17,700 

Note.— The  above  table  Is  api>lloable  only  for  open-channel  conditions.    It  is  based  on  discharge 
measurements  made  during  1903-1906  and  is  well  denned  between  gage  heights  1 .4  feet  and  6jO  feet. 

Monthly  discharge  of  Clealum  River  near  Roslyn^  Wash.,  for  1906. 
[Drainage  area,  205  square  miles.] 


Month. 


Discharge  In  seoond-ftot. 


Maximum. 


January 

February.... 

March 

April 

May 

June  1-9 

August  5-31 . 
September. . 

October 

November. . 
December... 


785 

885 

095 

3,320 

3,320 

1,970 

300 

360 

4,040 

17,700 

650 


Minimum. 


300 

460 

330 

1,170 

1,170 

1,230 

140 

270 

300 

650 

460 


The  period. 


T 


I 


Mean. 


Run-off. 


Totoiin   I 

acre-feet.  |  Sec.-ft.  per  Depth  in 
I    sq.nme.  |  inches. 


.  404 
644 

494 
1,800 
2,020 
1,530 

300 


2,650 
522 


24,800 
35,800 
30,400 
107,000 
124,000 
27,300 
16,500 
17,400 
51,100 
158,000 
32,100 


1.97 
3.14  , 
2.41 
8.78  ' 
9.85  I 
7.46  I 
1.51 
1.43 
4.06 
12.92 
2.54 


622,000  I 


2.27 
3.27 
2.78 
9.80 
11.36 
2.50 
1.52 

i.eo 

4.68 
14.40 
2.tt3 


Note.— Values  are  rated  as  follows:  April  to  June,  excellent;  remainder  of  period,  good. 
NACHES   RIVER   NEAR  NILE,  WASH. 

This  station  was  established  June  23,  1904.  It  is  located  If  miles 
above  the  highway  bridge,  23  miles  northwest  of  North  Yakima,  and 
8  miles  southeast  of  Nile,  Wash.  The  station  is  If  miles  above  the 
junction  of  Naches  and  Tieton  rivers. 

On  November  15,  1906,  the  gage  was  destroyed  by  a  flood.  Gage 
heights  after  that  date  were  taken  from  a  temporary  slanting  gage, 
and  have  been  reduced  to  the  same  datum  as  the  old  gage.  The  con- 
ditions at  this  station  and  the  bench  marks  are  described  in  Water- 
Supply  Paper  No.  178,  page  82,  where  are  given  also  references  to 
publications  that  contain  data  for  previous  years. 
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DiBcharge  vietuurements  of  Naehei  River  near  NiUy  Wash.,  in  1906. 


Date. 

Hydrogiapher. 

Width. 

Area  of 
section. 

Gage 
hel^t. 

Dto- 
charge. 

March  27 

.7  r.Rtpv«>nff 

Feet. 
189 
190 
192 
188 
182 
246 
196 

409 
365 

268 

174 

1,730 

377 

Feet. 
4.43 
4.80 
4.50 
4.00 
3.46 
10.30 
4.00 

8ee.-ft. 
1,110 

May23 

JuDe  23 

W .  C .  MiUdrow 

1,530 

do 

1  250 

July  14 

Auguatie 

November  15  •. . 

do 

626 

do 

253 

do 

22,000 

beoemberO 

:::::dS::::::::::::::::::::::::. :.:.:.:.:..:. ... 

1,270 

a  Computed  from  slope  measurement  and  surface  floats. 
Daily  gage  heighty  infeety  of  Nachee  River  near  NiU,  Wash.,  for  1906. 


1. 

2.. 
3. 
4. 
5.. 

6.. 
7., 
8. 
9.. 
10., 

11- 
12.. 
13- 
14.. 
15.. 

16. 
17.. 
18- 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


Day. 


Jan. 


3.7 
3.9 
4.0 
3.8 
3.8 


Feb. 


4.3 

4.3 

4.3 

4.25 

4.2 


3.8 

4.15 

3.8 

4.2 

3.75 

4.2 

3.8 

4.15 

3.8 

4.1 

3.7 

4.05 

3.75 

4.1 

3.7 

4.0 

3.8 

4.0 

3.75 

3.95 

3.7 

4.0 

3.7 

4.0 

3.8 

4.1 

3.75 

4.9 

3.8 

5.0 

3.7 

4.9 

3.7 

4.7 

3.8 

4.6 

4.0 

4.6 

4.1 

4.5 

4.1 

4.4 

4.1 

4.4 

4.05 

4.3 

4.0 

4.1 

4.2 

Mar. 


4.3 
4.2 
4.2 
4.15 
4.1 

4.1 
4.2 
4.3 
4.4 
4.5 

4.4 
4.3 
4.3 
4.2 
4.1 

4.1 
4.2 
4.3 
4.3 
4.2 

4.1 
4.1 
4.1 
4.1 
4.2 

4.2 
4.6 
4.6 
4.7 
4.8 
5.2 


Apr.    May.    June. 


5.3 

6.0 

6.1 

6.9 

5.0 

6.0 

5.1 

6.0 

5.4 

5.9 

4.9 
4.9 
5.0 
6.1 
5.0 


5.7 

6.7 

4.9 

5.9 

5.6 

4.8 

6.0 

6.7 

4.7 

5.9 

6.7 

4.7 

5.7 

5.8 

4.7 

5.6 

5.9 

4.7 

5.4 

5.8 

4.9 

5.3 

5.5 

4.8 

5.3 

5.4 

4.8 

5.4 

5.4 

4.7 

5.5 
5.5 
5.6 
5.5 
5.6 

5.8 
6.1 
6.2 
6.0 
5.8 

6.7 
6.6 
5.5 
5.6 
5.7 


5.2 
5.1 
5.0 
4.9 
4.9 

4.8 
4.9 
4.8 
4.8 
4.9 

5.4 
5.3 
5.2 
5.1 
5.0 
4.9 


4.7 
4.7 
4.6 
4.6 
4.6 

4.6 
4.5 
4.5 
4.5 
4.5 

4.6 
4.5 
4.5 
4.4 
4.4 


July. 


4.4 
4.4 
4.4 
4.4 

4.3 

4.3 
4.3 
4.3 
4.2 
4.2 

4.2 
4.1 
4.1 
4.0 
4.0 

4.0 
4.0 
3.9 
3.9 
3.9 

3.8 
3.8 
3.8 
3.8 
3.8 

3.7 
3.7 
3.7 
3.7 
3.7 
3.7 


Aug. 

Sept. 

Oct. 

Nov. 

3.6 

3.4 

3.4 

3.9 

3.6 

3.4 

3.4 

3.9 

3.6 

3.4 

3.4 

3.9 

3.6 

3.4 

3.5 

3.9 

3.6 

3.4 

3.5 

3.9 

3.6 

3.4 

3.5 

3.8 

3.6 

3.4 

3.5 

3.9 

3.6 

3.4 

3.5 

4.3 

3.6 

3.5 

3.5 

4.3 

3.6 

3.5 

3.5 

4.5 

3.5 

3.5 

3.5 

5.0 

3.5 

3.5 

3.5 

5.18 

3.5 

3.5 

3.5 

7.12 

3.5 

3.5 

3.5 

10.14 

3.5 

3.6 

3.6 

10.14 

3.5 

3.6 

3.8 

9.04 

.    3.5 

3.5 

4.0 

6.84 

3.5 

3.5 

4.0 

5.6 

3.5 

3.5 

4.0 

5.2 

3.5 

3.5 

3.9 

5.06 

3.4 

3.5 

3.8 

4.84 

3.4 

3.5 

3.8 

4.6 

3.5 

3.4 

3.7 

4.36 

3.5 

3.4 

3.7 

4.36 

3.5 

3.4 

3.7 

4.12 

3.5 

3.5 

4.2 

4.0 

3.5 

3.5 

4.4 

3.87 

3.5 

3.6 

4.3 

3.61 

3.4 

3.5 

4.2 

3.61 

3.4 

3.5 

4.1 

3.48 

3.4 

4.0 

Dec. 


3.35 
3.35 
3.22 
3.22 
3.22 

3.09 
3.74 
3.87 
3.74 
3.61 

3.48 
3.48 
3.35 
3.35 
3.35 

3.22 
3.22 
3.22 
3.22 
3.48 

4.48 
4.48 
4.24 
4.24 
4.12 

4.0 

3.87 

3.74 

3.74 

3.61 

3.48 


Note. — Gage  lengths  for  November  12  to  17  were  found  by  plotting  several  readings  a  day  and  taking 
the  mean  from  the  curve. 

Rating  table  for  Naches  River  near  NiUy  Waeh.,  from  January  1,  1905,  to  November  15, 

1906. 


Gage 
heSit. 

Dla- 
chaige. 

Sec^. 

'hei^t. 

Dis- 
charge. 

Gage 
height. 

Feet. 
5.20 

Dis- 
charge. 

'   Oa«e 
height. 

Feet. 
6.20 

Dis- 
charge. 

Sec.-ft. 
4,740 

Gage 
height. 

Feet. 
8.00 

Dis- 
charge. 

Sec.-ft. 
10,7(X) 

Feet. 
3.40 

Feet. 
4.30 

3.50 

280 

4.40 

1,090 

5.30 

2,580 

6.40 

5,300 

8.20 

11,520 

3.60 

330 

4.50 

1  230    , 

5.40 

2,780 

6.60 

5,880 

8.40 

12,360 

3.70 

390 

4.60 

1  380 

5.50 

3,000 

6.80 

6,480 

8.60 

13,240 

3.80 

460 

4.70 

1,530 

5.60 

3,220 

7.00 

7,100 

8.80 

14,160 

3.90 

540 

1    4.80 

1,690 

5.70 

3,460 

7.20 

7  740 

9.00 

15,100 

4.00 

630 

4.W 

1,850 

5.80 

3,700 

7.40 

8,420 

10.00 

20,320 

4.10 

730 

5.00 

2,020 

5.90 

3,960 

7.60 

9,140 

4.20 

840 

li    ^1^ 

2,200    , 

6.00 

4,220 

7.80 

9,900 

Note.— The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  discharge 
.^  ^^^  during  1906-6  and  is  well  defined  below  gage  height  6  feet. 
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SURFACE   WATER   SUPPLY,   1906. 


Monthly  discharge  of  Naches  River  near  NiU,  Wash.,  for  1906, 
[Draina^  area,  636  square  miles.] 


Discharge  in  second-feet. 

Total  in 
acre-feet. 

Run-off. 

Month. 

Minimum: 

Mean. 

Sec.-ft.per 
sq.  mile. 

Depth  in 
incbea. 

January 

840 
2,020 

390 
5^ 

513 
1,010 

31,500 
56,100 

aSO?  '           0.93 

February 

1.59 

1.66 

March..' 

2,380 

730 

fl96 

61,200 

1.57 

L81 

^-::::::::::::::::::::::::: 

4.740 

2.020 

3.250 

193,000 

5l11 

5.70 

4.220 

1,690 

2,810 

173,000 

4.42 

&10 

June 

2.200 

1,000 

1,530 

91,000 

>   Z41 

Z€0 

July 

1,090 

300 

•  676 

41,600 

L06 

L22 

August 

330 

235 

289 

17,800 

.454 

.52 

September 

330 

235 

267 

15,900 

.430 

.47 

October 

1,090 

235 

458 

28.200 

.720 

.83 

November  1-15 

21,100 

460 

4,060 

121.000 

&38 

3.56 

The  period 

1        800.000 

1 

Note.— Valtios  are  rated  as  follows:  January  to  May  and  November,  good*  June  to  October,  excellent. 
N ACHES    RIVER   NEAR    NORTH    YAKIMA ,  WASH. 

The  original  station  on  Naches  River  was  established  August  14, 
1893,  at  a  point  a  few  hundred  yards  above  the  mouth  of  the  river, 
near  the  bridge  of  the  Northern  Pacific  Railway. 

On  April  24,  1906,  a  standard  chain  gage  was  installed  at  the 
highway  bridge  above  the  cable;  length  of  chain,  27.10  feet.  After 
April  28,  1906,  this  gage  was  read  by  Mrs.  A.  M.  Cole.  The  flood  of 
November  16,  1906,  swept  out  this  gage  with  the  bridge  and  changed 
the  channel.  A  temporary  vertical  gage,  installed  November  22,  at 
the  same  datum,  was  read  during  the  remainder  of  the  year.  The 
bench  mark  is  a  brass  plug  in  the  top  of  the  concrete-filled  steel 
pier,  10  feet  north  of  the  gage;  elevation,  21.74  feet  above  the 
datum  of  the  gage  and  1,093.87  feet  above  sea  level. 

The  conditions  at  this  station  and  the  bench  marks  are  described 
in  Water-Supply  Paper  No.  178,  page  86,  where  are  given  also  refer- 
ences to  publications  that  contain  data  for  previous  years. 

Discharge  measurements  of  Naches  River  near  North  Yakima,  Wash.,  in  1906. 


Date. 


March  26 

April3 

AprU25 

May  28 

June  21 

July  10 

August  20 

October  26 

November  14  *  . 
Noveml^er  22... 


llydrographor. 


Stevens  and  Muldrow 

W.  C.Muldrow 

do 

do 

do 

do 

J.  C.  Stevens 

Muldrow  and  McGlashan. 

W.  C.Muldrow 

do 


Width. 


Feet. 
130 
143 
1.58 
142 
132 
127 
57 
131 
270 
240 


Area  of  j     Gage     i     Dis- 
section. I  height,     charge. 


387 
576 
644 
452 
307 
248 
33 
322 
1,S20 
923 


Feet. 
a&35 
06.15 
6.45 
5.67 
4.48 
4.00 
2.10 
4.40 
11.50 
&20 


a  Gage  height  from  inclined  gage;  other  gage  heights  are  from  chain  gage. 
^Measured  by  floats. 


I 


Sec.-ft. 

970 

2,140 

3.790 

2.440 

1.280 

961 

40 

1.230 

24.300 

3,590 
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DttUy  gage  height,  in  feet,  of  Xaches  River  near  North  Yakima,  Wash.,  for  1906. 


Day. 


Jan.   I   Feb.      Mar.  i  Apr.     May.    June.     July,  j  Aug.  ;  Sept.     Oct.      Nov.     Dec. 


i:i. 
14. 
15. 


IS. 

11*. 

20. 

21. 
22. 

2:^. 

24. 
25. 

26. 

27. 
•2X. 

'2fA. 

rv>. 

31. 


4.3 
4.3 
4.4 
4.4 
4.4 

4.4 
4.3 
4.3 
4.3 
4.3 

4.3 
4.2 
4.2 
4.2 
4.2 

4.2 
4.2 
4.2 
4.2 
4.2 

4.2 
4.2 
4.4 
4.5 
4.7 

4.9 
4.9 
4.9 
4.9 
4.9 
5.1  I 


5.2 
5.2 
5.2 
5.2 
5.2 


5.1 
5. 1 
5.0 
5.0 

4.95 
4.9 
4.9 

4.H 
4.K 

4.8 
4.7 
5.5 
t>.3 
6.2 

6.1 
5.9 
5.8 
5.6 
5.55 

5.5 
5.4 
5.3 


5.3; 

5.2  I 
5.2 
5.1 
5.0  I 

5.0  i 
5.0  ■ 
5.2  :. 


5.4  I 
5.3 
5.3  I 
.5.3  ' 
5.2 

.5.2  1 

5.2 

5.1 

5.1 

5.1 

5.1 
5.0 
5.0 
5.0 
5.0 


6.35 
6.3 
6.1    , 
6.3 
6.«    , 

7.0    I 
7.3 


I 


6.9 
6.6 
6.5 
6.6 


6.7 
6.7 
6.7 
6.8 
6.8 


7.6 
7.3 
7.1 


5.0, 
5.2  I 

5.8 
5.9 
6.0  I 
6.4  '. 


7.0 

6.8 
5.9 
6.1 
6.4 


6.9 

h.  < 

6.0 
6.4 
6.2 
6.4 
6.8 

6.S 
6.6 
6.2 
5.9 
6.0 

5.8 
5.6 
5.2 
5.0 
5.0 

4.7  ' 

4.8  • 
4.9 

t:?! 


6.2  I 

6.0 

5.9 

5.7 

5.5 

5.4  '. 


5.2 
5.1 
5.6 
5.7 
5.4 


4.9 

4.8 
4.8 
4.7 

4.7 
5.0 
5.0 
4.8 
4.7 

4.8 
4.8  ; 
4.7 
4.6 
4.5 

4.5 
4.5 
4.4  ' 
4.3 
4.4 

4.6  , 

4.4 

4.2 

4.1 

4.0 


4.2 

4.2 ; 

4.4 

4.3  , 
4.1 
3.9 

4.0  . 
3.9  I 
3.8 

3.7  ' 
3.7 

3.8 

3.5 ; 

3.4 

3.4  I 
3.2  I 

3.1  I 

3.0  ' 

3.1  , 
3.0  ; 

2.8 

2.9 

2.8  I 

2.7 ; 

3.1 
2.8  ' 
2.7 


2.6 
2.5 
2.3 
2.3 
2.5 

2.3 

2.4 
2.2 
2.3 
2.2 

2.2 
2.3 
2.3 
2.4 
2.3 

2.4  j 
2.2 
2.1 
2.0 

2.1  , 

2.1 
2.1 
2.1 


2.0 
2.0  I 
2.0  I 
2.5  ' 
2.0 
2.2 


2.0 
2.0  I  ■ 

2.0  I 

2.1 

1.9 

2.0  I 
2.4  ' 
2.5 
2.5 
2.3 

2.3 
2.2 
2.0 
2.3  ' 
2.7 

2.5  i 

2.4 
2.3 
2.2 
2.3  , 

2.3 
2.3 
2.3 
2.4 
2.4 

2.3 
2.2 
2.4 
2.2 
2.2 


2.1 
2.4 
2.3 
2.4 
2.5 

2.5  t 

2.4 

2.5 

2.5 

2.5 

2.4 
2.5 

2.5 
2.5 
2.7 


3.6 
3.6 
3.4 
3.3 

3.3  ; 
3.2  I 
3.0 
3.0 
3.0  , 

4.0 
4.8 
4.4 
4.0 
3.8 
3.6 


3.6    ' 

3.5 

3.5 

3.6 

3.5 

3.4 
3.6 
4.8 
4.4 

4.8  ; 

5.8 

.5.6 

9.1     I 
11.15 
10.7 

10.7 
9.7 


!   Ik 

7.6 
'     7.5 


a  Gage  and  bridge  destroyed  by  flood. 
Rating  tables  for  Xaches  River  near  North  Yahima,  Wash. 

JANUARY  1  TO  APRIL  29,  1906.a 


7.6 
7.5 
7.4 
7.4 
7.4 

7.5 


7.6 
7.4 
7.3 
7.3 
7.2 

7.3 
7.3 
7.2 
7.2 
7.3 

8.6 
8.6 
8.3 
8.3 
8.1 

8.0 
7.9 
7.9 
7.9 
7.8 
7.7 


Gage        Diji-         Gage  I,     Dis-        Gage        Dis-      I   Gage        Dis-     I    Gage   I     Dis-     1 
height.  I  charge,  'height,   charge,     height,   chaige.  |  height,   charge.  I,  height,   charge. 


Feet. 
4.20 
4.30 
4.40 
4.50 
4.60 
4.70 
4.80 


I  Sec.-/t. 

I  285 
325 
370 

;        420 

I  470 
525 
585 


Feet. 
4.90 
5.00 
5.10 
5.20 
5.30 
5.40 
5.50 


Sec.-ft. 
650 
720 
800 
880 
970 
1,070 
1,170 


Feet. 
5.60 
6.70 
5.80 
5.  <K) 
6.00 
6.10 
6. 20 


Sec.-ft. 
1,2JS0 
1,390 
1,510 

i,6:w 

1,760 
1,900 
2,040 


Feet. 
6.30 
6.40 
6.50 
6.60 
6.70 
6.80 
6.90 


Sec.-ft. 
2,190 
2,340 
2,'m 
2,660 
2,8.?0 
3,000 
3,180 


Feet. 
7.00 
7.10 
7.20 
7.30 
7.40 
7.  .50 
7.60 


I 


Sec.-ft. 
3,360 
3,540 
3,730 
3,920 
4,116 
4,300 
4,. 500 


APRIL  28  TO  NOVEMBER  14,  1906.6 


1.10 

5 

2.10    1 

45 

,    3.10 

36.5 

4.20 

l,a55 

6.20 

3,. 3.50 

1.20 

7 

2.20 

60 

'    3.20    i 

415 

4.40 

1,210 

6.40 

3,670 

L30 

9 

2.30 

75 

1    3.30    ' 

470 

4.60 

1,380 

6.60 

4.000 

L40 

11     i 

2.40    1 

95 

!    3.40 

525 

4.80 

1,.570 

6.80 

4,340 

1.50 

14 

2.50    ' 

120 

3.50 

585 

5.00 

1,780 

7.00 

4,700 

1.60 

17 

2.60 

1.50 

3.60 

645 

.5.20 

2,000 

8.00 

6,880 

1.70 

21     1 

2.70 

185 

3.70    '■ 

710 

5.  40 

2,240 

I     9.00 

10.100 

L80 

25 

2.80 

225 

,    3.80 

775 

.5.60 

2,. 500 

10.00 

14,800 

1.90 

30 

2.90 

270 

1    3.90 

840 

5  HO 

2,770 

11.00 

20,900 

2.00 

35 

3.00    , 

315 

4.00 

910 

6.00 

3,a50 

I 

a  This  table  is  applicable  only  for  open-channel  conclitioiis.  It  is  based  on  discharge  mpasuromonts 
made  during  1905-6  and  is  lairlv  well  defined  lx».low  ga^c*  height  6.2  fwt. 

6  This  taWe  is  applicable  only  for  open-channol  oonditions.  It  is  based  on  7  discharge  moasuro- 
mcnts  made  during  1906  and  is  well  defined  Ixjtween  gago  heights  2.0  feet  and  6.5  feet. 
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60  SURFACE    WATER   SUPPLY,   1906. 

Monthly  discharge  of  Naches  River  near  North  Yahma^  Wash.  ^  for  1906. 
[Dralna^  area,  1,120  square  miles.] 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November  1-14... 

The  period . 


Discharge  in  second-feet. 

Total  in 

Kan-otT. 

Maximum. 

Minimum. 

Mean. 

acre-feet. 

Sec.-ft.per 
sq.  mile. 

Depth  in 
Inches. 

800 

285 

395 

24,300 

0.353 

0.41 

2.190 

525 

1,030 

67.200 

.920 

.96 

2.340 

?20 

982 

60,400 

.877 

1.01 

4,500 

1,900 

3.120 

186.000 

2.79 

3.11 

4,890 

1.470 

3,040 

187.000 

2.71 

3.12 

2,630 

910 

1.550 

92,200 

1.38 

1.54 

1,210 

185  '     ,646 

39.700 

.577 

.67 

150 

30            67.6 

4,160 

.060 

.07 

185 

30            74.8 

4.450 

.067 

.07 

1,570 

45          386 

23.700 

.345 

.40 

21.900 

525  '     3.300 

91.600 

2.95 

1.54 

771,000 

Note.— Valiiee  are  rated  as  follows:  January  to  April,  good;  July  to  November,  fair. 


BUMPING   RIVER    NEAR    NILE,    WASH. 

This  station  was  established  June  13,  1906,  for  the  Tieton  project 
of  the  United  States  Reclamation  Service.  It  is  located  at  the  out- 
let of  Bumping  Lake. 

Discharge  measurements  are  made  by  wading. 

The  gage,  which  was  read  during  a  part  of  1906  by  employees  of 
the  Reclamation  Service,  is  a  vertical  staff  fastened  to  the  stump  of 
a  tree,  at  the  point  where  the  trail  crosses  the  river,  2,000  feet  below 
the  lake. 

Discharge  measurements  of  Bumping  River  near  Nile^  Wash.,  in  1906. 


Date. 


Hydrographer. 


June  13 W.  C.  Muldrow . 

July 9 '  C.  E.  Hewitt... 

July  14 do 

July  18 do 

July  23 1 do 

July  28 ' do 

Novemtjerl4a..    W.  C.  Muldrow. 
December7 do 


I 


■| 


Width. 

Area  of 
section. 

Gage 
height.   : 

Di»- 
chaige. 

Feet. 

Sq.ft. 

Feet. 

Sec.'/t. 

110 

193 

1.40 

a52 

120 

171 

1.02 

266 

116 

141 

.76  ■ 

19S 

115 

126 

.63  1 

161 

115 

114 

.52  . 

136 

115 

105 

.44 

120 

140 

900 

7.00 

6.000 

110 

201 

1.50 

407 

«  Computed  from  measurements  of  slope. 


Daily  gage  height ,  in  feet ,  of  Bumping  River  near  Nile,  Wash.,  for  1906. 


Day. 

June.      July. 

1   12. 

13. 

14. 
i   15. 

16. 

17. 

IS. 

10 

Day. 

June. 

::  "i'.h" 
1.4 
1.35 
1.4 

..1       1.35 

July. 

Day. 

June. 

July. 

^ 

.85 

.8 

.75 

.75 

.7 

.65 

.65 

.6 

.6 

.6 

.5.5 

23. 

1.15 

1.1 

1.1 

1.1 

1.1    . 

1.05 

1.05 

1.05 

0.5 

2 

I.a'i 

I.a'i 

1       1.2 

1       1.15 

,       1.2 

1       1.1 

i.a5 

...   .          1.0 

?4 

.5 

3 

25.. 

.5 

4 

?li 

.5 

5 

27.. 

.45 

6     

?S 

.45 

7 

1.3 
1.25 

29.. 

.45 

8 

30 

.4 

9 

20. 
21. 
22. 

1.2 
..,       1.2 
..        1.15 

31.. 

.4 

10 

11 

9 
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YAKIMA   RIVER   DRAINAGE   BASIN. 
Rating  table  for  Bumping  River  near  Nile,  Wash.  ^  for  1906. 


61 


Gage  ,     Dia- 
height.  charge. 


Feet.  8ec.-ft. 

a40  i        122 
a  50  137 

a60  .        155 


Dlb-     I   Gage        Dia-     I  Gage        Dla- 
t.  charge.  •  height,  charge,     height,  charge. 


Feet. 

8ec.-fi. 

0.70 

176 

aso 

1        199 

aw 

224 

Feet.  ,  Sec.-ft. 

1.00  251 

1. 10  281 

L20  314 


Feet.      Sec.-ft. 
1.30  347 

1.40  ;        382 

1.50  .        417 


Note.— The  aboTS  table  is  applicable  onlv  for  open-channel  conditions.     It  is  based  on  7  discharge 
measuiements  made  during  1906  and  is  well  defined. 

Monthly  discharge  of  Bumping  River  near  Nile,  Wash.,  for  1906. 
[Drainage  area  68  square  miles.] 


Discharge  in  second 

-feet. 
Mean. 

318 
195 

Total  in 
acr&-feet. 

11.400 
12,000 

Run-off. 

Month. 

Sec. 
sq. 

-ft.  per  Depth  in 
mile.       inches. 

Jane  13-30 

417                266 
314                 122 

4.68  1           3.13 

July 

2.87              3.31 

The  period 

23.400 

1 

1 

Note. — Values  are  rated  as  excellent. 


TIETON   RIVER   AT   HEADWORKS    NEAR    NACHES,    WASH/ 

This  station  was  established  March  29,  1906.  It  is  located  1  mile 
below  the  diversion  point  of  the  proposed  canal  of  the  Tie  ton  project 
of  the  Reclamation  Service,  about  15  miles  from  the  mouth  of  the 
river. 

The  river  flows  in  a  narrow  canyon  cut  in  basalt.  The  channel  is 
straight.  The  right  bank  is  low  and  brush-covered,  and  overflows 
at  high  water;  the  left  is  fairly  high  and  clean.  The  bed  of  the 
stream  is  of  bowlders  and  gravel,  and  pennanent.  There  is  one  chan- 
nel at  all  stages.     The  current  is  swift  and  somewhat  broken. 

Measurements  are  made  from  a  cable  and  car. 

A  vertical  1  by  4  inch  gage  is  drift-bolted,  to  a  bowlder  at  the  cable 
station.  The  bench  mark  is  a  spike  in  the  root  of  a  large  pine,  50 
feet  southeast  of  the  stump  to  which  the  cable  is  attached ;  elevation, 
16.11  feet  above  the  datum  of  the  gage. 

Discharge  meagurements  of  THeton  River  at  headworbf  near  Naches,  Wash.,  in  1906. 


Date. 


Hydrographcr. 


'  w<^4.u     A  ma  of 
^*^^^'  section. 


Marvbl2 W.C.Muldrow. 

March 29 i  J.C.Stevens.... 

April  17 !  W.C.Muldrow. 

June2 do 

Septembers...., do 


Feet. 

Sq.ft. 

7.5 

158 

94 

182  1 

95  , 

220  1 

Of) 

195  1 

76 

142  1 

height. 

Feet. 

S.'ii' 
3.90 
3.66 
3.12 


Dis- 
charge. 

Sec.-ft. 

I  416 

525 

763 

f>44 

;j52 
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62  SURFACE    WATER   SUPPLY,    1906. 

Daily  gage  height,  in  feet,  of  Tieton  River  at  Headworks  near  Naches,  Wash,,  for  1906. 


Day. 


,  Apr.  '  May. ,  Juno.  July.  Sopt. 


7 

12  . 

13 

14 1 

15 . 

16  ,     . 

17 

3.9 

18  .   .   . 

3.9 

19 

3.9 

20.:..:: 

4  1 

4.2.'i 

4.2  I 

4.3  , 
4.0 
4.0 
4.0 
3.9 
3.8 
3.65 
3.6  I 
3.7 


Day. 

Apr.   May. 
4.4    1    3.6 

June. 

July. 

S«'pt. 

21 

3.25 

22 

4.6 

•23 

4.45 

4.3 

4.15 

4.0 

4.0 

3.95 

4.2 

.3 

24 

3.3 

•25 

26 

27 

28 

2.4 

29 

'.iO 

TIETON    RIVER    NEAR   N ACHES, *  WASH. 

This  station  was  established  April  24,  1902,  at  a  point  immedi- 
ately below  the  mouth  of  Oak  Creek,  in  sec.  3,  T.  14  N.,  R.  16  E. 
of  the  Willamette  meridian,  about  3  miles  above  the  mouth  of  Tieton 
River  and  about  22  miles  from  North  Yakima  by  road.  The  con- 
ditions at  this  station  and  the  bench  marks  are  described  in  Water- 
Supply  Paper  No.  178,  page  89,  where  are  given  also  references  to 
publications  that  contain  data  for  previous  years.  The  station 
was  moved  upstream  March  7,  1906,  above  the  mouth  of  Oak  Creek. 

The  channel  is  straight.  The  banks  are  high  and  do  not  overflow. 
The  bed  of  the  stream  is  of  gravel  and  solid  basalt  and  changes 
only  during  extreme  floods.  There  is  one  channel  at  all  stages. 
The  current  is  very  swift. 

Measurements  are  made  by  means  of  a  cable,  car,  and  tagged  wire. 

The  gage,  which  was  read  twice  a  day  by  Oscar  M.  Cobb  during 
1906,  is  a  vertical  staff,  in  two  sections:  The  lower  section  is  bolted 
to  the  downstream  side  of  a  large  bowlder;  the  upper  section  is 
spiked  to  a  tree  20  feet  upstream.  The  bench  mark  is  the  highest 
point  of  the  bowlder  to  which  the  gage  is  attached;  elevation, 
1,694.65  feet  above  sea  level  and  9.25  feet  above  the  datum  of  the  gage. 

Discharge  itieastirements  of  Tipton  River  near  Naches,  Wash.,  in  1906-7. 


Date. 


Hydrographer. 


1  Width. i 


1906. 
March  7... 
March  27. 
March  30. 


W.C.  Muldrow. 

J.C.  Stevens 

..do 

May  22 1  W.C.  Muldrow . 

June  22 i do 

July  14 do 

August  15 do 

November  16«".' do 


1907. 
February  2 , do . 


73 

74  I 
73 
72 
74  ' 
71 
125 


R5 


Area  of 
section. 


Sq.ft.  ' 
147 
160  ' 
180 
173 
166 
187 
151 
728 


212 


Gago 
height. 

Feet. 
6  6.10 
6.40 
6.71 
6.63 
6.41 
6.70 
6.20 
9.70 


4.80 


Dto- 
charge. 


Scr.~ft. 
3:« 
474 

a57 

414 
5,540 


a  Station  formerly  referred  to  as  near  North  Yakima,  Wash. 
ft  Old  gage  n'ad  7.20  feet. 
c  Measured  by  floats. 
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YAKIMA   RIVER   DRAINAGE    BASIN.  63 

Daily  gage  height,  in  feet,  of  Tieton  River  ntar  Naches,  Wash.,  for  1906. 


Day. 


Jan. 


1 6..W 

2 6.47 

3 6.60 

4 6.65 

5 6.65 

6 6.62 

7 6.60 

8 6.60 

9 6.60 

10 6.55 

II 6.55 

12 : I  6.55 

13 6.58 

14 '  6.30 

lo 6.50 

16 6.58 

17 1  6.52 

IS 6.-© 

19 6.55 

2t) 6.50 

21 6.50 

22 '  6.50 

23 *  6.60 

24 1  6.80 

2.5 -..  6.82 

2t* 6.90 

27 7.05 

2?» 6.90 

•2ii r 6.92 

:jf> 7.a5 

31 7.22 


Fel). 

Mar. 

7.30 

7.18 

7.30 

7.18 

7.22 

7.20 

7.15 

7.15 

7.12 

7.10 

7.00 

7.10 

6.98 

7.20 

7.05 

7.30 

6.98 

6.25 

6.95 

6.25 

6.88 
6.92 
6.90 
6.90 


6.85 
6.88 
7.50 
8.60 
8.18 

7.90 
7.75 
7.65 
7.58 
7.45 

7.42 
7.38 
7.30 


6.05  I 

6.00 

6.00 

6.02 

6.00 

6.00 
6.00 


5.92 
5.92  I 
5.95  I 
6.02 
6.08 

6.22 
6.40 
6.60 
6.60 
6.75 
7.15 


Apr. 

May. 

June. 

6.9.5 
6.80 
6.78 
6.92 
7.20 

7.65 
7.55 
7.65 
7.70 

7.52 

6.75 
6.78 
7.00 
7.18 
6.90 

7.42 
7.70 

7.40 
7.35 

6.75' 
6.65  ' 

7.58 
7.45 
,7.28 

7.12 
6.98 
6.92 
6.92 
7.02 

7.12 

7.12 


5.98  I  7.10 
5.95  7.12 
5.95  ,    7.30 


7.62 
7.70 
7.65 
7.45 
7.30 

7.22 
7.20 
7.22 
7.30 
7.35 


50 


6.58 
6.55 
6.48 


7.62 

6.62 

7.42 

6.96 

7.20 

6.75 

7.15  1 

6.58 

7.25 

6.58 

7.00  ; 

6.68 

6.82  ! 

6.66 

6.72 

6.58 

6.68  1 

6.52 

7.50 
7.15 
7.00 
6.88 
6.82 
6.72 


6.48 

6.52 
6.45 
6.40 
6.55 
6.58 

6.75 
6.56 
6.45 
6.32 
6.40 


July. 

Aug. 

6.60 

6.15 

6.68 

6.12 

6.85 

6.08 

6.85 

6.12 

6.95 

6.12 

6.95 

6.20 

6.90 

6.18 

6.80 

6.22 

6.70 

6.20 

6.72 

6.22 

6.7 

6.25 

6.68 

6.25 

6.62 

6.25 

6.65 

6.10 

6., 58 

6.22 

6.55 

6.10 

6.48 

6.00 

6.38 

6.00 

6.35 

5.92 

6.28 

5.95 

6.30 

5.92 

6.38 

5.90 

6.30 

5.75 

6.22 

5.90 

6. -25 

6.05 

6.28 

6.06 

6.20 

6.05 

6.22 

6.06 

6.25 

6.08 

6.25 

6.12 

6.22 

6.05 

Sept. 

Oct. 

5.98 

5.68 

5.92 

5.82 

5.98 

5.90 

5.90 

6.75 

5.90 

5.65 

6.06 

6.68 

6.18 

5.70 

6.05 

6.78 

5.88 

6.70 

5.68 

6.76 

5.58 

5.76 

5.60 

5.75 

5.55 

5.65 

6.68 

6.81 

6.68 

5.78 

5.60 

6.08 

5.?2 

6.15 

6.85 

6.92 

5.90 

6.78 

5.90 

5.72 

6.90 

5.68 

6.82 

5.62 

6.85 

5.62 

5.90 

6.62 

5.78 

6.00 

5.65 

7.20 

5.62 

6.72 

6.82 

6.32 

5.72 

6.10 

5.68 

5.98 

5.88 

Nov. 


6.80 
6.70 
5.72 
5.88 
6.9rj 


10.00 
7.75 
7.25 
6.90 
6.50 

6.26 
6.05 
5.82 
5.72 
6.62 

6.48 
6.40 
6.32 
6.30 
6.20 


Deo. 


6.15 
6.10 
6.06 
6.00 
6.00 

6.75 
5.62 
6.52 
6.40 
6.30 

5.28 
6.15 
6.02 
4.92 
5.00 

4.95 
4.96 
4.92 
6.00 
6.15 

7.25 
6.85 
6.55 
6.60 
6.25 

6.10 
6.95 
5.85 
6.78 
6.70 
6.56 


Note.— Gagf  heights  prior  to  March  9  are  for  a  different  gage  and  datum  from  those  after  that  date. 
Gai^  heights  from  November  12  to  17  were  found  by  plotting  several  readings  a  day  and  taking  the 
mean  from  the  curve. 


Rating  tables  for  Tieton  River  near  Naches,  Wash. 

JANUARY  1, 1905,  TO  MARCH  8,  1906.o 


he^t. 

Dis-      ' 

charge. 

Feet. 

Sec.-ft. 

6.30 

l& 

6.40 

202 

6.50 

210 

6.60 

220 

6.70 

233 

Feet. 
6.80 
6.90 
7.00 
7.10 
7.20 


Dis- 


Sec'ft. 
249 
267 
287 
310 
335 


Feet. 
7.30 
7.40 
7.50 
7.60 
7.70 


Dis- 


8ec.-ft. 
365 
400 
440 
480 
525 


Oage  '     Dis- 
height.  charge. 


Feet. 
7.80 
7.90 
8.00 
8.10 
8.20 


Sec.'ft. 
675 
630 

noo 

755 
830 


Gage 
height. 

Feet. 

Dis- 
charge. 

Sec.'ft. 

8.30 

920 

8.40 

1,020 

8.50 

1,130 

8.60 

1,250 

MARCH  9  TO  NOVEMBER  14,  1906.6 


5.50 
5.60 
5.70 
5.80 
5.90 
6.00 
6.10 
6.20 
6.30 
6.40 
6.50 


155 
182 
212 
244 

278 


6.70 
6.80 
6.90 
7.00 


315    1 

7.10 

355    1 

7.20 

398 

7.30 

443 

7.40 

490 

7.50 

M0| 

7.60 

693 

649 

708 

770 

835 

905 

975 

1,050 

1,125 

1,205 

1,285 


7.70 
7.80 
7.90 
8.00 
8.10 
8.20 
8.30 
8.40 
8.50 
8.00 
8.70 


1 

- 

1,370    1 

8.80 

1.460    1 

8.90 

1,555    ' 

9.00 

1,650    [ 

9.20 

1,750    ' 

9.40 

l.S.'JO 

9.(J0 

1,9(50 

9. HO 

2,070 

10.00 

2,180 

10.20 

2,290 

10.40 

2,410 

10.00 

2,530    1 

10.80 

5,720 

2,r>.50 

11.00 

0,120 

2,780 

11.20 

6,560 

3,040 

11.40 

7.000 

3.:^20 

11.00 

7,440 

3,010 

11.80 

7,920 

3.920 

12.00 

8.400 

4.240 

13.00 

11,000 

4,580 

14.00 

14.000 

4.940 

15.00 

17.700 

5,320 

a  This  table  is  applicable  only  for  ope  i-channel  condition.s.  It  is  based  on  discharge  measurements 
made  during  1904^,  and  Is  well  defined  between  gage  heights  6.7  feet  and  7.3  feet. 

t>  This  table  is  applicable  only  for  open-channel  conditions.  It  is  based  on  7  discharge  measure- 
ments made  during  1906,  and  is  weU  defined  l)etween  gage  heights  6  feet  and  7  feet.  The  table  has  been 
extended  beyond  mese  limits  by  means  of  curves  of  area  and  mean  velocity. 
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Rating  tables  for  Tieton  River  near  Naches,  Watih. — Continued. 
NOVEMBER  15  TO  DECEMBER  31, 190A^ 


height. 

Dis- 
charge. 

Oage 
height. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. ^ 

Gage 
heig^lt. 

Dis- 
charge. 

i.hel^t. 

Dift- 
charge. 

'    Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.'ft. 

Feet. 

Sec.^t. 

li    Feet. 

Ser.-ft. 
4,4A) 

:    4.90 

530 

1    5.80 

1,030 

6.70 

1,740 

7.60 

2,665 

;    9.00 

6.00 

560 

5.90 

1,100 

6.80 

1.830 

7.70 

2,780 

10.00 

6,000 

1    5.10 

tiOO 

6.00 

1,170 

6.90 

1,925 

7.80 

2,900 

11.00 

7,750    . 

,    5.20 

645 

6.10 

1,245 

7.00 

2,020 

7.90 

3,020 

1    12.00 

9.800    , 

!    5.30 

700 

6.20 

1.320 

7.10 

2,120 

8.00 

3,140 

1    13.00 

12,200 

5.40 

760 

6.30 

1,400 

'    7.20 

2,225 

8.20 

3,390 

L  14.00 

14.ft50 

5.50 

825 

>    6.40 

1,480 

7.30 

2,330    , 

8.40 

3,650 

|i 

[ 

5.ao 

890 

1    6.50 

1.565 

7.40 

.    2,440    1 

8.60 

3,920 

5.70 

1      «0 

6.60 

1,650 

7.50 

2,550 

1 

§.80 

4,195 

1 

_i 

a  This  table  is  applica)>le  only  for  open-channel  conditions.    It  is  l>ased  on  2  dischaige  measare- 
nients  made  during  1906-7  and  the  form  of  previous  curves,  and  is  not  well  defined. 

Monthly  discharge  of  Tieton  River  near  Naches,  Wash.,  for  1906. 
[Drainage  area.  289  square  miles.] 


I 


Discharge  in  second-feet. 


Run-off. 


Month. 


,  Maximum.    Minimum. 


January 

February.. 

March 

April 

May 

June 

July 

August 

8epteml)er. , 

Octol>er 

Noveml)er. , 
December. . 


341 

1,250 

940 

1,370 

1,370 

961 

802 

420 

389 

975 

14,100 

2,280 


The  year.. 


14,100 


208 
258 
285 
600 
503 
452 
398 
228 
168 
188 
212 
536 


Mean. 


Total  In 
acr&-feet. 


Sec.-ft.  per   Depth  in 
sq.  mile.    \  inches. 


232 

14.300 

0.803 

a93 

401 

22.300 

1.30    ! 

1.45 

382 

23.500 

1.32 

1.52 

1,000 

fiO.500 

3.46    i 

a86 

956 

58,800 

3.31     1 

a82 

616 

36.700 

2.13    1 

2.38 

560 

34.400 

1.94    1 

2.24 

350 

21,600 

1.21 

1.40 

250 

14,900 

.865 

.57 

288 

17,800 

1.00 

1.91 

2.220 

132,000 

7.68    , 

a  57 

921 

66,600 

3.19 

3.68 

681 

492,000 

2.36    ; 

31.97 

Note.— Values  are  rated  as  follows:  January  to  May,  good;  June  to  October,  excellent;  November 
and  December,  fair. 

LOW-WATER  MEASUREMENTS  OF  TRIBUTARIES  OP  LAKE  KACHE8S. 

Small  streams  discharging  into  Lake  Kachess  were  measured  during 
the  low- water  season  of  1906  with  the  following  results: 

Discharge  measurenients  at  low  water  of  tributaries  of  Kachess  Lake,  WashingtoUy  in  1906. 


Date. 


August  22 
August  22 
August  22 
August  22 
August  22 
August  22 
August  22 

August  22 
August  22 
August  23 
August  23 
August  23 
August  23 
August  23 
August  23 
August  23 
August  23 
August  23 


Stream. 


East  shore: 
First  creek  from  outlet. . . 
Second  creelc  from  outlet . 
Third  creelc  from  outlet . . 
Fourth  creek  from  outlet. 
Fifth  creek  from  outlet. . . 
Sixth  creek  from  outlet.. . 
Honolulu  Creek 

West  shore: 

MalnCrwk 

Tributary  to  Main  Creek. 
Ninth  creek  from  outlet . . 
Eighth  creek  from  outlet . 
Seventh  creek  from  outlet 

Box  Canyon 

dale  Creek 

Fourth  creek  from  outlet. 
Third  creek  from  outlet. . 
Second  creek  from  outlet. 
First  crt»ek  from  outlet. . . 


Discharge. 


Sec.-ft. 


1.0 
2.2 
1.6 
2.1 
1.0 

a3 

0.5 
5l8 

ai 
a4 

0.1 

a2 

14 
0.8 
0.5 
0.2 
0.7 
1.5 
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LOW-WATER    MEASUREMENTS    OF   TRIBITARIES    OF    LAKE    KEECHELUS. 

A  number  of  tributaries  of  Lake  Keechelus  were  measured  during 
the  low-water  season  of  1906,  and  the  results  are  sho^ii  in  the  foHow- 
ing  table: 

Discharge  vieasurements  at  low  water  of  tributaries  of  Keechelus  Lake  in  1906. 
^^-  St«»n..  Width.'  ^«  "„'     ,  W^ 


East  8hon^:  i    Frft.       Rtf.ft.       Srt.-ft. 

August  21  o ;  FIret  creek  from  outlet :i.:>           0.  K  0.8 

August  21  fr Second  crwk  from  outlet .2 

Ai|gtist2I Trout  Creek i  l.H 

Aupi'it  21 1  Fourth  creek  from  outlet 5                \.'*^  \  I. « 

August  21 '  Fifth  creek  from  outlet ().  :> 

Aujnist  21 '  Sixth  crwk  from  outlet ti 

Aupiisl21*> Boulder  Creek i./i 

Augiwt21« Ctold  Creek lA      1         7.5    |  '2h 

West  shon>:  I 

August21 CoalCreek 5      }         2.H  'IT* 

Aagu««t21 Roaring  Creek. 15      I        VI  .V. 

AugTist21<r MftadowCreek 10               4  3.6 


o  Measured  br  floats  one-half  mile  almve  mouth. 

ft  Estimated.* 

c Measured  hy  floats  1  mile  almve  mouth. 


MISCELLANEOUS   MEASITREMENTS. 


The  following  miscellaneous  discharge  mea.mirements  were  made  in 
Yakima  River  drainage  basin  during  1906: 

Atanum  Creek. — Measurements  were  made  2  J  miles  below  Tampico: 

April  20  (high  water),  width,  29  feet;  area,  69  P<|tiare  feet;  dineharge,  207  pecond- 
.feet. 

August  28  (low  water),  width,  20  feet;  area,  1 1  square  feet ;  diseharge,  7.6  w^rond-feet . 

A  measurement  was  made  at  low  water  August  29  at  The  Narrows. 
The  water  surface  was  3.82  feet  below  a  spike  in  a  tree  on  the  right 
bank  near  the  foot  log: 

Width,  20  feet;  area,  20  square  feet;  diaohaiT^e,  20  seoond-feet. 

North  Fork  of  Atanum  Creek. — Measurements  made  at  Tampico. 
The  reference  point  is  a  nail  in  a  stump  on  the  right  bank  2  feet  above 
the  second  bridge;  gage  heights  are  below  the  reference  point : 

April  19,  width,  30  feet;  area,  52  square  feet;  gage  height,  —2.00  feet;  diHcharge, 
180  second-feet. 

August  28,  width,  16  feet;  area,  11  square  feet;  gage  height,  —8.02  feet;  discharge, 
20  second-feet. 

August  29,  discharge,  17  second-feet;  creek  in  four  channelH. 

South  Fork  of  Atanum  Creek. — Measurements  were  made  1  mile 
above  Tampico: 

April  20  (high  water);  width,  16  feet;  area,  18  square  feet;  discharge*,  54  second- 
feet. 

August  29  (low  water);  width,  11  feet;  area,  10  square  feet;  discharge,  8.6  second- 
feet. 
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Cabin  CreeJc  n^ar  EaMon,  Wash. — The  discharge  of  this  stream  at 
the  wagon  bridge  on  Snoqualmie  Road  was  estimated  August  21,  at 
low  water,  as  7  second-feet. 

Clealum  River  above  Lake   Clealum, — A  measurement  was  made 
August  24,  1906,  at  low  water,  2  miles  above  the  head  of  the  lake: 
Width,  53  feet;  area,  75  square  feet;  discharge,  189  second-feet. 

Cowiche   Creelc  near   Cowiche,    Wash, — A  measurement  was  made 
June  3,  1906,  just  below  the  head  of  Cowiche  canal: 
Width,  18  feet;  area,  31  square  feet;  discharge,  37  second-feet. 

South  ForTc  of  Cowiche  Creelc  near  Cowiche,  Wash. — Measurements 
were  made  just  above  the  head  of  the  canal: 

April  18;  width,  19  feet;  area,  33  square  feet;  discharge,  64  second -feet. 
September  1;  width,  2  feet;  area,  0.75  square  foot;  discharge,  0.71  second-foot. 

North  Fork  of  Cowiche  Creelc. — A  measurement  was  made  by  floats 
April  18,  1906,  at  the  comer  of  sections  20,  21,  28,  and  29,  T.  14  N., 
R.  17  E.: 

Width,  T)  feet;  area,  1.8  square  feet;  discharge,  2.7  second-feet. 

Desolation  Creelc  near  Roslyn,  Wash. — A  measurement  was  made  at 
low  water  August  24,  1906,  one-half  mile  above  mouth: 
Width,  4  feet;  area,  2  square  feet;  discharge,  3.4  second-feet. 

Oak  Creek  near  Ndches,  Wash. — This  stream  is  tributary  to  Tieton 
River.     A  measurement  was  made  March  8,  1906,  at  medium  stage: 
Width,  7  feet;  area,  8.2  square  feet;  discharge,  13  second-feet. 

Silver  CreeJc  near  Easton,  Wash. — A  measurement  was  made  by 
floats  at  low  water,  April  23,  1906,  at  the  mouth  of  canyon: 

Width,  7  feet;  area,  2.4  square  feet;  discharge,  3.4  »e<^ond-feet. 

Taneum  Creek  near  Thorpe  Wash. — A  measurement  was  made  at 
the  highway  bridge,  3  miles  west  of  Thorp,  March  19,  1906.  The 
water  surface  was  4.17  feet  below  a  spike  in  the  downstream  end  of  a 
12-by-12  inch  cap  of  bent  at  the  left  end  of  the  bridge.  The  stream 
was  at  medium  stage : 

Width,  20  feet;  an^a,  10  square*  feet;  discharge,  22  second-feet. 

Yakima  River  at  Easton,    Wash. — =This  station,  which  was  discon- 
tinued November  28,  1 904,  is  .described  in  Water-Supply  Paper  No. 
135,  page  78.     The  following  measurement  was  made  March  16,  1906: 
Width,  146  feet;  are-a,  255  square  feet;  gage  height,  5.30  feet;  discharge,  585  second 
feet. 

Yakima  River  near  Sunny  side,    Wash. — A  measurement  was  made 
at  low  water  August  3,  1906,  below  Sunnyside  dam: 
Width,  70  feet;  area,  65  square  feet:  discharge,  45  second-feet. 

Yakima  River  near  Richland. — A  measurement  was  made  at  ex- 
treme low  water  August  17,  1906,  500  feet  below  the  highway  bridge. 
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Water  surface   16.15  feet  below  spike  marked  "R.  P."  in  down- 
stream end  of  cap  of  first  pile-pin  at  right  abutment  of  bridge: 
Width,  54  foot;  area,  23  square  feet;  discharge,  29  second-feet. 

CANALS    IN    YAKIMA    VALLEY,    WASHINGTON. 

Descriptions  and  discharge  data  of  the  canals  in  Yakima  Valley 
are  given  in  Water-Supply  Paper  No.  178,  pages  52-78.  Systematic 
observations  of  gage  heights  and  discharge  were  discontinued  on  most 
of  the  canals  during  1906. 

SmnfYBILX  OANAL  ITEAR  TAZIKA,  WAgH. 

This  canal  heads  on  the  left  bank  of  Yakima  River  5  miles  below 
the  town  of  Yakima.  It  is  owned  and  operated  by  the  United 
States  Reclamation  Service.  Measurements  are  made  from  a  foot- 
bridge 200  feet  below  the  head  gate.  The  gage  is  a  vertical  staff  on 
the  right  bank. 

Discharge  nieasurtments  of  Sunny  side  Canal  near  Yahima,  Wash.,  in  1906. 


Date. 


Hydrographcr. 


Width. 


Area  of 


'  March  22 W.  C.  Muldrow 

April  30...^ do 

JurM'25 do 

A  iiRtift  3 1 do 

S*'pt eTnl)er  19. do 

Sept^mlier 29. . .    Stevens  and  Grover. 


sectioii.  '  heig] 


Gage 

leignt. 






Feet. 

Sq.ft. 

Feet. 

30 

17 

0.70 

46 

189 

4.63 

45 

193 

4.80 

45 

166 

4.16 

45 

1.50 

3.80 

45 

153 

3.85 

Di8- 
chaige. 

Sec.'fl. 
14 
610 


Daily  gage  height ,  in  feet,  of  Sunny  side  Canal  near  Yahima,  Wash.,  for  1906. 


Day. 


Apr.   May.  June."  July.   Aug.    Sept 


Day. 


10. 
11. 
12. 
13. 
14. 
15. 
16. 


0.6 
.6 
.6 
.6 
1.4 
1.6 
1.9 
2.1 
2.5 
2.8 
2.8 
2.8 
3.0 
3.0 
3.3 
3.6 


4.6 

4.6  ! 

4.6 

4.6 

4.6 

4.6 

4.6 

4.G 

4.7 

4.7 

4.7 

4.7 

4.7 

4.7 

4.7 

4.7 


4.45 

4.35 

4.35 

4.3,5  i 

4.35  ' 

1.0 

3.8 

4.a5 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 


4.9 

4.9  ' 

4.9 

4.9 

4.9 

4.9 

5.0 

5.1 

5.1 

5.1 

5.1 

5.2 

5.2 

5.2 

5.2  I 

5.2  I 


4.6 

4.5 

4.15 

4.1 

4.0 

3.85 

3. 75 

4.15 

4.1 

4.15 

4.15 

4.5 

4.6 

4.6 

4.5 

4.6 


3.8 

3.75 

3.6 

3.6    . 

3.U 

3.6 

3.7 

4.0 

3  8.5 

4.0 

3.85 

4.0 

4.1     , 

4.1 

4.0    I 

4.0 


17., 
18, 
19. 
20. 
21., 
22. 
•23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Apr. 


3.6 
3.9 
3.9 
,  4.0 
I  4.2 
4.2 
4.2 
4.35 
4.35 
4.5 
4.5 
4.5 
4.5 
4.  (a 


I  j 

May.  June.  July. 


4.7 

4.0 

4.7 

4.0 

4.7 

4.0 

4.7 

4.2.5 

4.7 

4.25 

4.7 

4.55 

4.7 

4.7 

4.7 

4.7 

4.7 

4.8 

4.6 

4.9 

4.6 

4.9 

4.6 

4.9 

4.6 

4.9 

4.6 

4.9 

4.4.5 

5.2 
5.2 
5.2 
5.2 
5.2 
5.2 
5.2 
.5.2 
5.2 
.5.2 
.5.2 
5.2 
5.2 
5.2 
4.K5 


Aug. 


4.  .55 

3.8 

4.2 

4.2 

4.1 

A.  9 

3.9 

4.1 

3.9 

3.9 

3.9 

3.8 

4.0 

4.0 

3.8 


484 
416 
410 


Sept. 


4.0 
4.0 
3.9 

3.8 
3.4 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 


Rating  iabU  for  Sunny  side  Canal  near  Yakima,  Wash.,  for  1906. 


leight. 

charge. 
Ste.-ft. 

Gage 

height. 

Feet. 

Dis- 
charge. 

Sec.-ft. 

Gage 
height. 

Feet. 

Di8.    1 
charge.  ' 

Sec.-ft. 

Gage 

height. 

Dis- 
chargp. 

Feet. 

Feet. 

Sec.-ft. 

0.60 

12 

1.50 

75 

2.40 

180 

3.30 

317 

a70 

16 

1.60 

85 

'    2.50 

194 

3.40 

.^34 

0.80 

20 

,     1.70 

95 

!    2.60 

208 

3.50 

:v.2 

0.90 

28 

1.80 

106 

!    2.70 

•222 

3.60 

.170 

1.00 

33 

1.90 

117 

2  80 

237 

3.70 

389 

1. 10 

41 

,    2.00 

129 

2.90 

2.52 

3.80 

408 

1.20 

49 

2.10 

141 

3.00 

268 

3.90 

427 

1.30 

57 

2.20 

154 

1     3.10 

•284 

4.00 

447 

1.40 

66 

2.30 

167 

,    3.20 

300 

4.20 

487 

Gape        Di.H- 
height.    charge. 


Feet. 
4  40 
4.60 
4.80 
5.00 
5.20 


Sec.-ft. 
52H 
572 
616 
660 
7(H 


Note.— The  above  table  ia  applicable  only  for  open-channol  conditions.    It  is  based  on  discbarge 
measurements  made  during  1.905-6  and  is  fairly  well  defined. 
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Monthly  discharge  of  Sunnyside  Canal  near  Yakima,  Wash.,  for  1906. 


Month. 


Discharge  in -second-fpot.  „ 

Total  in 

'Maximum.    Minimum.      Mean.       ac">-f«'t- 


April .• ru9                  12  I  318  IS. 900 

Mav 5©4  540  5K3  35.  MCX) 

June ti38  33  499  29. 700 

July 704  627  1  (iS4  42.100 

Auguat I  572  398  476  29.:JOO 

Septeml)er |  467  I  334  '  414  24.  IIOO 

The  period 180.000 


Note.  —Values  are  rated  as  good. 

NSW  RS8SRVATI0H  OAJTAL  NSAK 


TAZIKA.  WASH. 


This  canal  heads  on  the  right  bank  of  Yakima  River  a  short  dis- 
tance below  Union  Gap  gaging  station  on  Yakima  River.  It  is 
owned  and  operated  by  the  Indian  Department  for  the  irrigation 
of  lands  in  the  Yakima  Indian  Reservation.  Measurements  are 
made  at  the  highway  bridge  2,000  feet  below  head-gate.  The  gage 
is  a  vertical  staff  attached  to  the  bridge. 

Discharge  measurements  of  Xew  Reservation  Canal  near  Yahima,  Wash.,  in  1906. 


Date. 


March  22 

Juno  29 

Auguat  3 

August  7 

September  19.. 
Noveml)er  5. . . 


Ilydrographer. 


J.  C.  Stevens 

W.C.  Muldrow 

do 

....do 

do 

Muldrow  and  McGlashan. 


Width. 

Area  of 
section. 

Gage 
height. 

Fert. 

Sq.ft. 

Feet. 

38 

21 

a0.60 

40 

149 

3.55 

40 

149 

3.60 

40 

121 

3.00 

40 

111 

2  60 

40 

53 

1.29 

Di8- 
chaige. 

Ser.-ft. 
23 
2,55 
145 

86 
9.') 
53 


a  Oagc  height  uncertain. 
Daily  gage  height,  in  feet,  Xew  Reservation  Canal  near  Yakima,  Wash.,  for  1906. 


Day. 

1 

2 

3 

4 

5 

Apr.    May. 

1  9 

21 

2  2 

i    2.2 

2  2 

23 

0 

24 

2  4 

June. 

2.3 
2.3 
2.4 
2  4 
2.5 

.0 
2.3 

.0 
2  2 
2  2 

.0 
2  2 
2.1 
2  1 
2  3 
2.3 

Aug. 

3  7 
3  6 
3  (> 
3.6 
3.6 
29 
2  9 
2  0 
1.9 
1.9 
1.9 
1.9 
2  8 
28 
2.8 

Sept. 

2.6 
2  6 
2.6 
2  ♦> 
2.6 
2.6 
2.6 
2.6 
2  6 
2  6 
2  6 
2.6 
2.6 
2.6 
2.6 
2.6 

Oct. 

2  6 
2.6 
2.6 
2.6 
2.6 
2.6 
2  6 
2.6 
2  W 
2  6 
2  6 
2.6 
2  6 
2  6 
2  6 
2.6 

Day. 

17 

18 

19 

20 

21 

Apr. 
"l 

May. 

2.3 
2  3 
2.2 
2.2 
23 
2  3 
2.4 
2  5 
2.5 
2  6 
2  5 
2  3 
23 
2  3 
2  3 

June. 

2  3 
2.3 
2.3 
.0 
.0 
2.4 
2  7 
2  7 
29 
3.1 
3.4 
3.5 
3.6 
3.6 

Aug. 

2  8 
3.45 
2  6 
2  6 
2  6 
2  6 
2  6 
2  6 
2  6 
2  6 
2  6 
2  6 
2  6 
2  6 
2.6 

Sept. 

2.6 
2.6 
2.6 
2  6 
2.6 
2.6 
2.6 
2  6 
2.6 
2.6 
2.6 
2  6 
2.6 
2  6 

Oct. 

2  6 
2.6 
13 
1  3 
1-3 

6 

7 

22 

..      4.5 
1.7 

..       1  6 
1.6 
1.8 
1.  6 

..      1.8 
1.8 

..      1.9 

1-3 
1.3 

8 

9 

24 

2') 

13 
1  3 

10 

11 

2. 4 

2. 5 

2  5 

24 

....      2.4 

26 

27  

1  3 
1  3 

12 

13 

14 

28 

29 

30 

31 

1  3 
1  3 
1  3 

15...   . 

2  5 

1  3 

16 

1     2.5 

Note.  -The  growth  of  certain  wnter  plants  reduces  the  vokx'ity  of  tho  canal  as  the  season  progrp«ww, 
therefore  there  is  not  a  constant  relation  between  gage  height  and  di.scharge. 

OLD  RESERVATIOK  CAHAL  HEAR  WAPATO.  WASH. 

This  canal  takes  water  from  the  right  bank  of  Yakima  River,  4 
miles  below  Wapato.  It  is  owned  and  operated  by  the  Indian 
Department  for  irrigation  of  lands  in  the  Y'akima  Indian  Reserva- 
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tion.     Measurements  are  made  from  railroad  bridge  one-half  mile 
below  head-gate.     The  gage  is  a  vertical  staff  at  the  railroad  bridge. 

Discharge  measurement  of  Old  Reservation  Canal  near  WapaiOj  Wash.,  in  1906. 


Date. 


1 


March  22 

Jm]e2» 

Augusts 

August  7 

September  19... 
November  5 


Hydrograpber. 


Width. 


Area  of 
section. 


W.C.Muldrow.... 

do 

do 

do 

do 

H.  D.  McQlashan. 


Feet. 
11.5 
14.0 
11.8 
11.3 
11.3 
12  0 


38 
22 
18 
22 
15 


Gage 
height. 


Feet. 
0.45 
3.10 
1.75 
1.40 
1.85  , 
1.39  I 


Dis- 
chaige. 


8ec.-ft. 
4.6 
152 
65 
40 
65 
36 


Daily  gage  height,  in  feet,  of  Old  Reservation  Canal  near  Wapato,  Wash.,  for  1906. 


Day. 


Apr. 


8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18- 
19. 
20. 

2l'. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


May. 


3.2 


3.22 


3.2 


3.3 


3.2 
3.2 


3.2 
3.15 


3.2 
3.2 

3.2 
3.2 
3.2 
3.2 
3.2 

3.4 
3.4 
3.5 
3.3 
3.3 
3.1 


June. 

July. 

3.1 

3.0 

2.0 

3.0 

2.0 

3.0 

2.0 

3.0 

2.0 

3.1 

2.0 

Z.2 

2.0 

3.1 

2.0 

3.2 

2.0 

3.1 

2.0 

3.0 

2.0 

3.0 

2.0 

3.0 

2.0 

3.0 

2.0 

3.0 

2.0 

3.0 

2.0 

2.0 

2.55 

3.3 

3.3 

3.3 
3.2 
3.2 
3.1 
3.1 

3.1 
3.1 
3.0 
3.0 
3.0 


3.0 
3.0 
2.9 
2.9 
2.8 

2.8 
2.7 
2.6 
2.6 
2.55 

2.5 
2.5 
2.4 
2.3 
2.2 
2.1 


Rating  table  for  Old  Reservation  Canal  near  Wapato,  Wash.,  for  1906. 


Gage 
he@it. 

Dis- 
chaige. 

Gage 
he@it. 

Feet. 

Feet., 

Sec.-ft. 

0.50 

6 

1.20 

0.60 

9 

1.30 

0.70 

12    . 

1.40 

aso 

15    , 

1.50 

0.90 

18 

1.60 

1.00 

22 

1.70 

MO 

26 

1.80 

Dis-     i 
charge. 

Sec.-ft. 
31 
36 
41 
46 

52    I 
58 
64    ' 


Gage        Dis-      '   Gage        Dis- 
heigbt.  charge.  |  height.'  charge 


Feel. 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 


Sec.-ft. 

Feet. 

70 

2.60 

77 

2.70 

83 

2.80 

89 

2.90 

96 

3.00 

103 

3.10 

110 

3.20 

I   

Sec.-ft 
117 
124 
131 
138 
145 
152 
159 


Gage 
height. 

Feet. 
3.30 
3.40 
3.  .50 

Dis- 
charge. 

Sec.-ft. 
163 
170 
177 

Note.— The  above  table  Is  applicable  only  for  open-channel  conditions.    It  is  based  on  6  discharge 
measurements  made  during  1906  and  is  well  deflnea. 
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Monthly  discharge  of  Old  JReserxaiion  Canal  near  Wapato,  Wash.,  for  2906. 


Month. 


Discharge  in  swond-fct't. 
MaxiTniim.l  Minimuni.  |    Mean. 


Total  in 
acn"^f«x't . 


May 177  152;        l.¥J 

Jiino \m'  77'        112 

July 151>  83  133 

August 75  15  45.5 

8eptonil)er n4  :w  ss.  3 

Octol)or 3«l  ,  3fi  30. 0 

The  perio<l 

_       ._ L_  I 

Note.— Values  are  rated  us  good. 


9.7S0 

8.181) 
2,H00 
3.470 
2.210 


33.100 


MISOELLAITEOXrB  KEASUSEKENTS. 


The  following  miscellaneous  ineasiireinents  were  made  on  canals 
in  Yakima  Valley,  Washington,  in  1906. 

Miscellaneous  vieasurenients  of  canals  in  Yakima  River  drainage  basin,  WashiTigton, 

in  JU06. 


Date. 


August  li 

March  19..-.. 

April  18 

June  3 

SeptemlKT  1 . 

April  20 

April  15 

April? 

.\pril22 

Aprir22 

August  4a... 

April  7 

Aprir>2 

April  22 

August  It). . . 


August  0. 
Mav  17... 
Mav  23 . . . 


Canal. 


Bull 

('H-KCud*' 

Cowitlu' 

do 

do 

Fanners  ditch 

Fortuni' 

Fowler 

do 

Granger 

Hatch 

Hubbard 

do 

Moxee 

Old  Union 


Localitv. 


Width.  '•^^*^* °' '  .^'f^       ^^^ 


section,  height,  charge. 


Olsen 

I'rosser 

Selah  Valley. 


April  20 

April  20 

March  1'.* '».... 

May  5 

August  (i 

April  3 

April  3 

April  3 

April  15 

Man-h  1 

August  in 

April  20 

:\uglist  •»  r 

April  5 


Shaw  ditch 

Stair  ditch 

Tarn'inn 

Town 

do 

d.) 

do 

do 

do 

Inion 

do 

I'tnon  <J.'ii) 

Wapjilon 

Yakima  Vallf 
(Con^'don  ■. 


iread-gat<\  Ellensimrg 

r pper  flume.  Thon> 

2  miles  above  Cowiclie 

Head-gate,  Cowiche 

do 

Highway  crossing.  Tampico 

Foster's'  ranch 

North  Yakima 

...do 

...do 

Toppenish 

North  Yalkinia i 

do I 

do 

North  Yakima:  , 

2,000  feet  U'low  head-gate...' 

At  head-gate 

do 

do 

do I 

2,0()0fe<H  Inflow  head-gate  . . .' 

Ellensburg 

Prosvser I 

N.itchez: 

Waslcpati'  No.  12 

Above  control  gates 

Below  con  I  rol  gates I 

At  Hume  No.  H 

At  Hume  N<).  23 , 

At  head-gate 

IJ  miles  above  A  tan  inn i 

2  miles  above  Atanum 

Thorp I 

Ellensburg 

do , 

North  Yakima 

.io 

do 

.lo ! 

<io 

NMcht's  avonne,  .North  Yakima. i 

North  Yakini.! I 

do 

Head , 


Frrf. 
G 
8 
7 
5 
2 

3.5  I 
5.7 
9.7 
9.7 
3.5 
I) 

13.1 
15      I 

'"  1 

14 
12. 2 
12.2  I 
11.5  ' 
12.7 


Sq.ft. 
8.8 
0.4 
6.3 
5.5 
0.4S 
2.4 
2.3 
5.3 
9.7 
0.52 
4.2 

17 

25 

12 

36 
20 

18 
Hi 
23 


6.5 


I 


a  MpusuhmI  by  floats. 

''  Water  probably  raisetl  liy  ice  gorge  Iwlow. 

fThriH'-fonrihs  mile  1m4ow  head-gate. 


8.5 

26 

8.8  , 

26 

8.0 

20 

as  1 

17 

18.5 

42 

14 

10 

4.5 

2.5 

10.5 

5.9 

14 

38 

14 

40 

5.7 

6 

5.7  1 

6.2 

5.7  1 

9.5 

5.7 

7.5 

11.5  , 

11 

6 

13 

3.8 

1.7 

2.0 

54 

8.5 

8.6 

Feet.  See.-ft. 

1.78  20 

0.80  !  22 

I  11 

12 

!  0.26 

4.1 

0. 45  1. 4 

6. 5 

0. 70  I  27 

0.45 

4 

1. 30  1  12 

1.  75  '  31 

2.03  I  14 

2.82  42 

1. 44  29 

1.  40  I  27 

1.21  17 

1. 76  40 

2.65  29 

2.50  40 

2. 12  I  18 

56 

, 78 

2. 75  75 
67 

f?2 

3.58  93 

(LO 

4. 7 

0.57  11 

2.ti8  115 

2. 85  125 

1.00  7.5 

1.08  8.3 

1.71  20 

1.26  11 

0.98  9 

2 .52  33 

0.45  1.5 

117 

0.  48  I  12 

i 
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SNAKE  RIVER  DRAINAGE  BASIN. 

DESCRIPTION    OF    BASIN. 

Snake  River,  the  largest  tributary  of  the  Columbia,  rises  among 
the  high  peaks  of  the  Rocky  Mountains  in  Yellowstone  National 
Park,  western  Montana  and  eastern  Wyoming,  heading  in  the  divide 
from  w^hich  streams  flow  northward  and  eastward  into  the  Missouri 
and  southward  and  wrestward  to  the  Colorado  and  the  lakes  of  the 
Great  Basin.  From  Shoshone,  Lewis,  and  Hart  lakes,  in  Yellow- 
stone National  Park,  the  south  fork  of  the  river  flows  southward, 
broadening  into  Jackson  Lake  (4  miles  wide  and  18  miles  long)  and 
passing  through  Jackson  Valley  (8  miles  wide  and  40  miles  long), 
beyond  which,  near  the  Idaho-Wyoming  line,  it  enters  a  long  canyon. 
In  the  southern  part  of  Fremont  County,  Idaho,  it  unites  with  North 
Fork.  Below  the  junction  of  the  forks  it  flows  westward  across 
Idaho  to  a  point  near  Ilomedale,  where  it  turns  abniptly  northward, 
forming  for  about  170  miles  the  boundary  between  Idaho  and  Oregon 
and  for  30  miles  more  that  between  Idaho  and  Washington.  At 
Lewiston  it  crosses  into  Washington,  flows  northwest,  west,  and 
southwest,  and  joins  the  Columbia  at  Pasco  Junction. 

Its  upper  drainage  basin  comprises  the  timbered  mountainous 
country'  west  and  southwest  of  Yellowstone  Lake.  The  east  side  of 
its  valley  is  boimded  by  the  Wind  River  Range,  from  the  slopes  of 
which  it  receives  a  number  of  tributaries,  and  the  w^est  side  by  the 
high  Teton  Mountains,  from  which  most  of  the  drainage  flows  west- 
ward through  Teton  River  into  North  Fork. 

Below  the  junction  of  North  and  South  forks  the  Snake  receives 
many  important  tributaries,  among  which  may  be  mentioned  Boise, 
Salmon,  Clearwater,  and  Palouse  rivers  from  the  north  and  east  and 
Owyhee,  Malheur,  Powder,  and  Grande  Ronde  rivers  from  the  south 
and  west. 

The  Owyhee,  which  joins  the  Snake  at  Owyhee,  Oreg.,  drains  a 
high,  broken,  timberless  area,  in  portions  of  which  the  rainfall 
amounts  to  but  8  or  10  inches  per  annum.  In  many  respects  the 
drainage  area  of  the  Malheur  is  similar  to  that  of  the  Owyhee,  but 
parts  of  the  headwater  region  are  mountainous  and  rather  heavily 
timbered.  The  drainage  basin  of  the  Grande  Ronde,  comprising  the 
eastern  slope  of  the  Blue  Mountains  and  the  western  slope  of  the 
Cornucopia  Range  in  northeastern  Oregon,  is  throughput  mountain- 
ous and  heavily  timbered,  and  for  much  of  its  course  tlie  river  occu- 
pies a  deep  canyon.  Wallow^a  River,  its  principal  tributary,  closely 
resembles  it.  Grande  Ronde  Valley,  a  broadening  of  the  Grande 
Ronde  basin  at  the  town  of  La  Grande,  and  Wallowa  Valley,  a  sunilar 
broadening  of  Wallowa  River  below^  the  town  of  Joseph,  are  impor- 
tant agricultural  areas  within  the  Grande  Ronde  drainage  basin. 
Powder  and  Palouse  rivers  and  Asotin  Creek  drain  areas  similar  in 
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character,  utilized  chiefly  for  dry  farming  and  the  production  of 
wheat.  The  waters  of  all  of  these  streams  are  valuable  for  irriga- 
tion, which  in  a  number  of  the  valleys — ^ndtably  that  of  the  Malheur — 
has  reached  a  comparatively  high  stage  of  development.  At  Ajsotin 
a  power  plant  is  operated,  and  the  waters  used  for  power  are  also 
used  for  irrigation. 

NORTH   FORK   OF   SNAKE .  RIVER   NEAR   ORA,  IDAHO. 

This  station  was  established  August  20,  1902.  It  is  located  at  the 
North  Fork  Bridge,  2  miles  south  of  Ora  and  10  miles  above  St. 
Anthony,  Idaho.  The  bench  mark  is  a  United  States  Geological 
Survey  aluminum  tablet  set  in  a  large  rock  about  30  feet  northeast 
from  the  north  end  of  the  bridge;  elevation,  12.84  feet  above  the 
gage  datum. 

The  conditions  at  this  station  and  the  bench  marks  are  described 
in  Water-Supply  Paper  No.  178,  page  91,  where  are  given  also  refer- 
ences to  publications  that  contain  data  for  previous  years. 

Discharge  measurements  of  North  Fork  of  Snake  River  near  Ora,  Idaho,  in  1906. 


Date. 


Hydrographer, 


May  11. 
May  27. 
June  17. 


E.  C.  La  Rue. 

....do 

....do 


:  Width. 


I  Feet. 
178 
178 
178 


Area  of 


section,     height.  <  charge. 


Sq.ft. 
505 
470 
49G 


}age 
light. 


Di»- 


Fen. 
2.90 
2.70 
2.85 


See.-ft. 
2,170 
1.900 
2,130 


Daily  gage  height,  in  feel,  of  North  Fork  of  Snake  River  near  Ora,  Idaho,  for  1906. 


Day. 


1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 


Ifi. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


Jan. 


2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 


Feb. 


2.0 
2.0 
2.0 
1.9 
1.9 

1.9 
1.9 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 


Mar. 


2.0 
2.0 
2.0 
2.0 
1.9 

..9  I 
1.9  I 
1.9 
1.9  I 
1.9 

1.9 
1.9 
1.9 
1.9 
1.0 

1.9 
1.9 
1.9 
1.9 
1.9 


2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0  i 
2.0  I 
2.0  I 
2.0 
2.0 
2.0 


2.0  I 
2.0  I 
2.0  ' 


2.0  I 
2.0  I 
1.9  I 
1.9! 
1.9  I 
1.9   . 


Apr. 


1.9 
1.9 
1.9 
1.9 
1.9 

1.9 
1.9 
2.0 
2.0 
2.0 

2.1 
2.1 
2.1 
2.1 
2.1 

2.1 
2.2 
9  2  ' 
2:2  I 
2.2 

2.2  I 
2.5  I 
2.5  I 
2.8  ' 

3.0 1 

3.0 

3.1  I 

3.2  , 

3.3  ' 
3.3 


May. 

June. 
2.9 

July. 

Aug. 

Sept. 

Oct. 
2.0 

Nov. 

3.3 

2.5 

2.1 

2.1 

2.1 

3.3 

2.9 

2.5 

2.1 

2.1 

2.0 

2.1 

3.3 

2.8 

2.5 

2  1 

2.1 

2.0  ! 

2.1 

3.3 

2.9 

2.4 

2.1 

2.0 

2.0  1 

2.1 

3.1 

3.0 

2.4 

2.1 

2.0 

2-0; 

2.1 

3.1 

3.2 

2.4 

2.1 

2.0 

20 

2-1 

2.9 

3.2 

2.4 

2.1 

2.0 

2.0 

2.1 

2.9 

3.1 

2.4 

2.1 

2.0 

2.1 

2.1 

2.9 

3.0 

2.4 

2.1 

2.1 

2.1 

2.1 

2.8 

2.9 

2.4 

2.0 

2.1 

2.1 

2.1 

2.8 

2.9 

2.4 

2.0 

2.1 

2.1 ; 

2.1 

2.8 

2.8 

2.3 

2.0 

2.1 

2.1  1 

2.1 

2.8 

2.8 

2.3 

2.0 

2.1 

2.1  ' 

2.1 

2.9 

2.8 

2.3 

2.0 

2.2 

2.1 

2.1 

2.9 

2.8 

2.3 

2.0 

2.2 

2.1 

2.1 

2.9 

2.7 

2.3 

2.0 

2.2 

2.1 

2.1 

2.8 

2.8 

2.3 

2.0 

2.2 

2.1 

2.1 

2.8 

2.8 

2.3 

2.1 

2.2 

2.1 

2.0 

2.7 

2.7 

2.3 

2.1 

2.1 

2.1 

2.0 

2.7 

2.7 

2.3 

2,1 

2.1 

2.1 

2.0 

2.7 

2.6 

2.3 

2.1 

2.1 

2.1  ! 

2.0 

2.6 

2.6 

2.2 

2.2 

2.1 

11 ; 

2.0 

2.6 

2.6 

2.2 

2.2 

2.1 

2.1 

2.0 

2.6 

2.6 

2.2 

2.2 

2.1 

2.1  1 

2.0 

2.7 

2.5 

2.2 

2.2 

2.1 

2.1 

2.0 

2.7 

2.5 

2.2 

2.2 

2.1 

2.1  1 

2.0 

2.7 

2.5 

2.2 

2,2 

2.1 

2.1 

2.0 

2.7 

2.5 

2.2 

2.1 

2.1 

2.1 

2.0 

2.9 

2.5 

2.2 

2.1 

2.1 

2.1 

2.0 

3.1 

2.5 

2,1 

2.1 

2.2 

2.1 

2.0 

3.0 

2.1 

2.1 



2.1 

(•) 

o  Record  discontinued  for  the  winter. 
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RatiTig  table  for  North  Fori  of  Snake  River  near  Oray  Idaho,  for  1906, 


Gage        Dis- 
'  height.  I  charge. 


Feet.     Sec.-ft. 

1.90  I        910 

2.00  '        990 
2.10         1,070 


Gage        Dift- 
height. ,  charge. 


Gage  I     Dis-         Gage        Dis-     i    Gase  ;     Dis- 
height. ,  charge,    height,   charge.  \  height,   charge. 


Feet. 

Sec.-ft. 

Feet. 

2.20 

1,170  , 

2.rj0 

2.30 

1.280  1 

2.60 

2.40 

1,410 

1 

2.70 

Sec.-ft.   '  Feet. 

1,550  2.80 

1.700    I  2.90 

1,860    .  3.00 


Sec.-ft. 
2,030 
2.210 
2,400 


Feet. 
3.10 
3.20 
3.30 

;  Sec.-ft. 

1  2.(300 
2.810 
3,030 

Note.— The  above  table  is  appUcable  only  for  open-channel  conditions.    It  is  based  on  8  discharge 
measurements  made  during  1905-6  and  is  well  defined. 

Monthly  discharge  of  North  Fork  of  Snake  River  near  Ora,  Idaho,  for  1906. 
[Drainage  area,  1,040  square  miles.] 


Month. 


Discharge  in  second-feet. 

— -I    Total  in 

Minimum.      Mean.    I  a^^'^^e^t. 


January 

February.., 

March , 

April 

May 

June , 

July 

August 

September. 

October 

November.. 


I  Maximunu 


990  I 


Run-off. 


sq.  mile.       inches. 


I- 


3.030 
3.030 
2,810 
1,550 
1, 170 
1,170 
1,070 
1,070 


990 

910 

910 

910 

1,700  I 

1,550  I 

1,070  I 

990 

990 

990 

990  ' 


990 

eo,90o 

979 

54,400 

938 

57,700 

1,430 

85.  .100 

2.200 

135,000 

2,000 

119.000 

1,300 

79,800 

1,070 

65,700 

1,080 

64,100 

1,050 

64,700 

1,030 

61,600 

0.952 
.W2 
.902 
1.38 
2.11 
1.92 
1.25 
1.03 
1.04 
1.01 


1.10 
.96 
1.04 
1.54 
2.43 
2.14 
1.44 
1.19 
1.16 
1.16 
1.11 


The  period . 


848,000 


Note.— Values  are  rated  as  excellent  on  the  assumption  that  the  flow  was  not  affected  by  ice  condi- 
tions, January  to  March. 


SNAKE   RIVER    NEAR   MINIDOKA,    IDAHO. 

This  station  was  originally  established  August  5,  1895,  at  Mont- 
gomery's ferry,  on  the  stage  road  from  Minidoka  to  Albion,  4  miles 
east  of  Rupert,  Idaho,  and  10  miles  below  the  diversion  dam  for  the 
Minidoka  irrigation  project.  Measurements  at  Montgomery's  ferry 
show  the  amount  of  water  available  for  irrigation  purposes  there  and 
for  the  newly  constructed  Twin  Falls  canals  heading  23  miles  below, 
and  also  the  conditions  that  will  exist  for  power  purposes  at  Shoshone 
Falls,  about  45  miles  below,  after  the  irrigable  lands  of  Snake  River 
Valley  shall  have  been  reclaimed.  The  conditions  at  the  station  and 
the  bench  marks  are  described  in  Water-Supply  Paper  No.  178,  page 
93,  where  are  given  also  references  to  publications  that  contain  data 
for  previous  years. 

Discharge  vieasurements  of  Snake  River  near  Minidoka,  Idaho,  in  1U06. 


Date. 


Hydrographer. 


WMth      A  ma  of        Piapp  DIs- 

«iain.     g(^.iiojj       hf'ighl.      charg<». 


Aprill2 E.r.  LaRue. 

April  26 do 

May  19 ' do 

Juoe9 do. 


^wt. 

Sq.  ft. 

Ffft. 

Sec.-ft. 

8iri 

4,020 

3.15 

t).120 

H:r»  1 

4, 'ISO 

4.34 

9.590 

MX) 

0.  (ilO 

6.29 

10. 100 

8<x) 

7,970 

7.92 

22,500 

I 
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SURFACE    WATER    SUPPLY,    1906. 


Daily  gage  height,  in  feet,  of  Snake  River  near  Minidoka,  Idaho,  in  19(Mi. 


Day. 


Feb. 


Mar.       Apr.       May.      June.      July. 


8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 


C) 
3.25 
3.2 
3.2 

3.0 
3.0 
2.9 
3.05  I 
3.3 

3.05 
2.7 
2.4    ' 
2.2 
2.35  . 


Iti 

2.5 

17 

2.6 

18 

2.6 

19 

2,6 

20 

2.65 

21 

2.7 

22            

2.7 

23 

2.7 

24   

2.75 

25 

2.75 

26       .              

2.75 

27 

2.7 

28                    

2.7 

29 

30 

31 

2.7  I 

2.7  I 

3.0  I 

2.9  I 

2.7  I 

2.7 
2.7 
2.7 
2.7 
2.7 

2.7    , 
2.7    i 
2.(>5 
2.6    ' 
2.5 

2. 35 
2.45 
2.9 
2.8 
2.  .xi 

2.4 
2. ;« 
2.5    I 
2.6 
2.8 

3.05 

3.2 

3.3 

3.3 

3.4 

3.4 


3.4 

3.4 

3.3 

3.15 

3.15 

3.2 
3.1 
3.1 
:iO 
3.0 

3.0 
3.1 
3.25 

3.  25 
3.25 

3.3 
3.2 
3.2 
3.2 
3.25 

3.45 
3.6 
3.7 
4.0    I 
4.2 

4.3    I 
4.45  I 

4.  f»5 
4.7 
4.7 


4.7 
4.7 
4.8 
4.95 

5.1     I 

5.5 

5.5 

5.6 

5.55 

5.5 

5.4 

5.4 


7.35 

7.5 
7.7 
7.8 
7.8 

7.85 
7.8 
7.85 
7.85  I 
8.0 

8.0 
95  , 

I 


5.5 

7.85 

5.  55 

7.7 

5.  75 

7.9 

5.9 

8.0 

6.  I 

8.15 

6.2.5 

8.2 

6.3 

8.3 

6.3 

8.3 

6.25 

8.1 

6.2 

7.8 

6.15 

7.5 

6.2 

7. 25 

6.2 

6.85 

6.2 

6.6 

6.2 

6.35 

6. 45 

6.05 

6.55 

5.4 

6.8 

4.  75 

7.05 

4.4 
4.4 
4.4 
4.4 
4.4 

4.4 
4.4 
4.4 
4.4 

3.8.'j 

3.35 

3.3 

3.3 

3.2 

3.2 

3.2 
3.4 
4.8 
5.2 
5.1 

5.1 
5.0 
4.75  ■ 
4.6    I 
4.4 

4.15  ! 

4.9 

3.7 

3.45 

3.1 

2.7 


Aug.       Sept. 


2.4 

2.25 

2.2 

2.05 

1.9 

1. 8 
1.7 
1.6 
1.6 
1.55 

1.5 
1.5 
1.45 
1.45 
1.45 

1.45 
1.45 
1.45 
1.45 
1.45 

1.45 
1.5 
1.5     , 
1.5 
1.5 

2.1 

2.45 

2.6 

2.5.-) 

2.2 

2.2 


2.2 
,2.3 
2.35 
2.:» 
2.35 

2.  a') 


2.1 
2.1 
2.1 
2.1 
2.1 

2.1 
2.1 
2.  15  , 
2.2 
2.2    ■ 

2.25  I 
2.25  ' 
2.2.>  I 
2.3 
2.4 

2.7 
2.7 
2.7 
2.7 

2.m 


2-6.-) 
2-  65 
2.6 


2.6 
2.6 
2.  6 
2.  X', 
2.* 

2.  :i.-i 

2.  .15 
2.4 
2.4 
2.4 

2.6 

2.95 

2.9 

3-2 

3.4 

3.6 
3,5 

3.  3.5 
3.  -25 
3.2 

3.2 

3.15 

3.1 

3.05 

3.0 


o  River  frozen  over  January  1  to  February  2,  1906. 
b  Gates  at  Minidoka  dam  were  closed  during  Noveml)er. 
Novemlx'r  1  to  Deieeml)er  31. 


Records  at  gaging  station  were  unreliable 


Rating  table  for  Snake  River  near  Minidoka.  Idaho,  for  1906. 


Gage 
height. 

Dis- 
charge. 

Gage 
height. 

Feet. 

Sec.'ft. 

Fret. 

0.60 

1,640 

1.70 

.70 

1,680 

1.80 

.80 

1.7-20 

1.90 

.90 

1,760 

,    2.00 

1.00 

1.820 

2.10 

1.10 

1.880 

;    2. -20 

1.20 

l,9<i0 

1    2.30 

1.30 

2.060 

;    2.40 

1.40 

2.190 

.    2.50 

1..% 

2!  340 

2.60 

1.60 

2.  .500 

Dia-      ' 

Gage 

height. 

Dis- 

Gage 
height. 

Dis- 

Gage 

Dis- 

charge. 

charge. 

charge. 

height. 

charge.  , 

Sec.-ft. 
2,670 

Feet. 

Scc.-ft. 

Ftrt. 

Sec.-ft. 

Fert. 

Sec.-ft. 

2.70 

4,930 

3.70 

7,t>:iO 

.5.40 

12.950 

2,860 

2.80 

5.180 

3.80 

7,920 

5.  a) 

13,  670 

.3.060 

2.90 

.5.440 

3.90 

8.210 

.5.  SO 

14.390 

3,270 

3.00 

5.700 

4.00 

8,  .500 

6.00 

15,110 

3,480 

3.10 

5,970 

4.20 

9,080 

6.20 

15.  830 

3,700 

3.20 

6.240 

4.40 

9,(i80 

6.40 

16, 550 

3,940 

3.30 

6,510 

4.60 

10, 280 

6.60 

17.270 

4,180 

3.40 

6,780 

4.80 

10.  890 

0.80 

18. 010 

4.430 

3.50 

7,0(iO 

I     5.00 

11,540 

7.00 

18.790 

4,680 

3.(» 

7.340 

I     5.20 

12,230 

8.00 

23, 010 

Note.  -The  above  tabl»  is  applicable  only  for  op<»n-channel  conditions.    It  is  based  on  11  discharge 
measurements  made  during  1905-6  and  is  well  defined  above  2.3  feet;  Iwlow  that  it  is  uncertain. 

Monthly  discharge  of  Snake  River  near  Minidoka,  Idaho,  for  1906. 
[Drainage  area,  17,900  o  square  miles] 


Month. 


Discharge  in  second-feet. 
Maximum.    Minimum.  ,    Mean. 


ToUU  in 
a£  re-feet. 


February  (3-28) . 

March 

April 

May 

,1  une 

July 

August 

Septenii)or 

OctolxT 


6,510 
6.780 
10,600 
19,000 
24,  ,300 
12.200 
4,()80 
4,9,30 

7,;mo 


The  period 4,410,000 


3,700 
4,060 
.5.700 
10.  (KX) 
10,700 
4.9:«) 
2,2<50 
I,  MO 
4.060 


.5, 150 
.5, 1.30 
7. 1.50 
14,. 500 

20,fjno 

8,870 
2.900 
3. 770 
5,  .320 


265,000 
316,000 
425,000 
892.000 
1,2,50,000 
546.000 
178,000 
225.000 
317,000 


Run-off. 

Pec.  ft.  per 

Depth  in 

sq.  mile. 

inches. 

0.28S 

0.28 

.287 

..A 

.399 

.44 

.810 

.93 

1.17 

i.;» 

.496 

.  .57 

.162 

.19 

.211 

.23 

.297 

.3:J 

a  Exclusive  of  drainage  of  Big  and  Little  Lost  rivers. 

Note.— Values  are  rated  as  follows:  February  to  July,  and  October,  excellent;  August  and  Septom- 
"ber,  good. 


Digitized  by 


Google 


SNAKE    RIVER    DRAINAGE    BASIN. 


75 


SNAKE  RIVER  BETWEEN  MILNER  DAM  AND  SHOSHONE  FALLS,  DURING 
NOVEMBER.  1906. 

The  following  is  a  brief  report  of  investigations  in  regard  to  the 
source  and  volume  of  flow  in  Snake  Eiver  between  the  Milner  dam, 
Milner,  Idaho,  and  Shoshone  Falls,  Idaho,  dating  from  November  14 
to  22  (inclusive),  1906,  when  the  flow  was  entirely  cut  off  at  the 
Minidoka  dam. 

The  flow  at  this  time  below  the  Milner  dam  was  derived  from  leak- 
age through  the  gates  at  the  dam,  waste  water  from  the  Twin  Falls 
tract,  and  springs  along  its  course.  In  no  case  did  water  flow  over  the 
ililner  dam  and  the  waste  from  the  Twin  Falls  tract  was  at  a  minimum 

In  passing  down  the  river  from  Milner  to  Shoshone  Falls,  discharge 
measurements  were  made  as  often  as  suitable  stations  could  be 
found.  All  springs  of  appreciable  size  entering  between  Milner  and 
Shoshone  Falls  lie  between  Shoshone  Falls  and  a  point  6  miles  above. 
Most  of  them  enter  on  the  north  side.  The  source  of  these  springs 
is  not  definitely  known.  Upon  them  will  depend  the  permanent 
flow  of  Snake  River  over  Shoshone  Falls  at  future  times  if  all  the 
water  is  diverted  above  for  irrigation,  with  no  waste. 

The  following  is  a  tabulation  of  the  measurements  taken : 

.    Measurements  between  Milner  Dam.  and  Shoshone  Falls  in  1906. 


Location. 


Location. 


Dati>. 


Above 


I      Dis- 


Shdihoi^     B-l-   ,  <""''«^' 


Date. 


FaUs. 


Milner. 


I    Above 

>  Shoshone 

I     Falls. 


Below 
Milner. 


Dis- 
charge. 


N  ovemtjer  14 

Feet. 
1,500 
1,500 
1,500 

MUes. 

November  15 

No\'eraber  16 

November  17 

2  : 

November  18 

4  1 

Sec.'ft.  ; 

195  I  November  18. 

165  November  18 . 

158  I  Noveralwr20. 

22  '  Noveral)er  21  . 

17  November  22  . 


Feet. 


1,.500 
1.500 


Miles.    I   Sec.'/t. 
fi  '  20 


7 
16 


27 

60 

160 

200 


During  the  investigation  the  minimum  flow  measured  at  Shoshone 
Falls  was  158  second-feet.  The  measurements  made  betw^een  the 
Milner  dam  and  a  point  7  miles  below  show'  that  about  30  second- 
feet  come  from  leakage  through  the  Milner  dam  and  w^aste  from 
the  Twin  Falls  tract;  there  then  remains  128  second-feet  as  the 
gain  in  discharge  between  Milner  dam  and  Shoshone  Falls.  Just 
what  part  of  this  is  spring  water  and  what  part  drains  from  pools 
can  not  be  determined.  Throughout  the  course  there  are  a  great 
ii\any  pools  from  200  feet  to  1  mile  in  length.  No  doubt  it  w-ould 
take  considerable  time  for  these  pools  to  drain  down  to  a  normal 
stage. 

There  is  but  one  conclusion  to  be  drawn  and  that  is  that  the  per- 
manent flow  over  Shoshone  Falls  during  the  irrigation  season,  when 
the  water  is  all  diverted  above,  will  be  reduced  to  approximately  130 
second-feet  or  less. 
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SNAKE    RIVER   AT    NEELEY,    IDAHO. 

On  March  17,  1906,  a  temporary  station  was  established  at  Xeeley, 
Idaho,  3  miles  above  the  backwater  from  the  Minidoka  dam  and  4 
miles  below  American  Falls.  This  station  is  to  eventualh^  take  the 
place  of  the  old  Montgomery  station  below  the  Minidoka  dam.  Dur- 
ing 1906  only  gage  readings  were  taken.  The  station  will  be  rated 
at  some  future  time. 

Daily  tjage  height^  in  feet,  of  Snake  River  at  Xeeley,  Idaho,  for  19()H. 


Day. 

iMar. 

1 

Apr. 

May. 

June. 

July. 

AUK. 

Sopt. 

Oc't. 

Nov. 

Dw. 

1 

5.3 

6.8 

9.8 

6.65 

4.9 

1 
4.9  ' 

5.0 

2 

V- 

5.25 

7.0 

9.7 

6.5 

4.2 

4.8 

4.9 

5.0 

3 

5.25 

7.5 

9.65 

6.4 

4.65 

4.9 

5.0 

4 

1 

5.2 

7.1 

9.4 

6.5 

4.0 

4.5 

4.6 

5.0 

5.0 

b 

5.15 

7.15 

9.4 

6.  a') 

4.0 

4.5 

4.6 

5.0 

5.0 

6 

5.15 

7.35 

9.3 

6.7 

3.9 

4.6 

4.6 

5.0 

(«) 

7 

5.1 

7.6 

9.5 

6.6 

3.8 

6.5 

4.7 

5.0 

8 

5.05 

5.  a") 

5.1 

7.4 

7.25 
7.15 

9.7 

9.75 

9.5 

6.5 
6.4 
6.4 

3.8 
3.75 
3.7 

6.3 
5.0 
4.3 

4.7 
4.7 
4.7 

5.0 
5.0 
5.0 

9 

10 

11 

1 

5.25 

7.1 

9.3 

6.3 

3.7 

4.3 

4.7 

5.0 

12 

5.4 

7.4 

9.0 

6.3 

3.7 

4.:i5 

4.7 

5.0 

13 

5.36 

7.6.5 

9.1 

6.3 

3.7 

4.4 

4.7 

5.0 

14 

5.3 

7.85 

9.5 

6.3 

3.7 

4.5 

4.7 

5.0 

15 

1 

6.15 

8.2 

9.7 

6.3 

3.7 

4.5 

4.8 

5.0 

16 

1 

5.1 

8.5 

10.0 

6.3 

3.7 

4.5 

4.8 

5.0 

17 

1       4.5.S 

5.2 

8.6 

9.8.5 

6.2 

3.7 

4.6 

4.8 

5.0 

18 

'       4.5,') 

5.3 

8.7 

9.75 

6.1 

3.7 

4.7 

4.8 

5.0 

19 

AJ%i 

5.4 

8.3 

9.6.-) 

6.0 

3.7 

4.75 

4.8 

5.0 

20 

4.6    1 

5.45 

8.0 

9.5 

6.0 

3.65 

4.8 

4.8 

5.0 

21 

4.(^1 

5.8 

7.6 

8.9 

5.9 

3.65 

4.8 

4.8 

5.0 

- 

22 

,       4.7    1 

5.95 

7.75 

8.0 

5.8 

3.(i5 

4.8 

4.8 

5.0 

23 

'       4.7    1 

6.a5 

7.9 

7.7 

5.7 

3.7 

4.7 

4.9 

5.0 

24 

4.y. 

6.;^) 

7.8 

7.5 

5.6 

3.8 

4.7 

4.9 

5.0 

25 

5.2 

6.7 

7.95 

7.3 

5.5 

4.1 

4.7 

4.9 

5.0 

20 

5.3.'i  j 

6.9 

8.1 

7.0 

5.4 

4.6 

4.7 

4.9 

5.0 

27 

.).«    1 

6.8.-1 

8.65 

6.7 

5.2 

4.9.5 

4.7 

4.9 

5.0 

28 

5.4')  1 

6.S 

9.2 

6.6 

4.9.5 

4.6 

4.9 

5.0 

29 

5.;v.  1 

6.75 

9.4 

6.5 

4.ft5 

4.6 

4.9 

5.0 

30 

5..r»  ■ 

6.(i5 

9.5 

6.7 

4.a5 

4.6 

4.9 

5.0 

31 

,  -^-^ 

9.9 

4.9 



4.9 

rt  Rwonl  di.HfrontinucMl  (or  tho  winter. 


FALL   RIVER    AT    FREMONT,    IDAHO. 


This  station  was  established  January  1,  1904,  about  900  feet  from 
Fremont  post-office.  During  1906  the  gage  was  read  once  each  day 
by  Mrs.  Eva  A.  Loomis  and  C.  R.  Scheetz.  The  conditions  at  the 
station  and  the  bench  marks  are  described  in  Water-Supply  Paper 
No.  178,  page  97,  where  are  given  also  references  to  publications  that 
contain  data  for  previous  years. 

Discharge  measurements  of  Fall  River  at  Fremont,  Idaho,  in  1906. 


Date. 

Hydrographer. 

^-'Of-   ^IfoS' 

Gagp 
height. 

Feeu     , 
3.2.5 
3.32  i 
3.85 
2.02 

Dis- 
chan?f. 

May  11 

Mav27 

JunV  17 

August  17 

E.  r.  La  Rno 

do 

do 

do 

Feet.        Sq.  ft. 

147              3(i2 

148              369 

149              448  , 

140              184 

Sec.-fl. 

1.640 

l.l^ 

2.510 

46S 
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Day. 


Apr. 


1 

2 : 

3 

4 

5 - 

6 

(a) 

8 

9 

10 

11 

12... 

1.3 

U 

15 

16 

1.9 

17 

2.0 

18..:::::::::::::::::::::::::::::::::: 

2.05 

19 

2.1 

20 

2.1 

21 

2.15 

22 

2.26 

23              .                     ... 

2.45 

24 

2.66 

25        .     . 

2.6 

26 

2.6 

27 

2.6 

28 

2.66 

29 

n 

30 

31 

May. 


June.      July. 


-I- 


2.8 
2.1 
2.1 
2.1 
2.9 

2.1 
2.1 
2.1 

ao 

3.0 

3.1 
3.2 
Z.I 
3.3 
3.8 

3.4 
2.9 
2.85  t 
2.96 
2.1 

2.1 
3.0 
3.1 
3.4 
a65  , 


3.6    ' 
3.6 
3.55  I 
3.4    I 
3.85  * 

3.95  ' 
3.8    ' 
3.65 
3.3 
3.0 

3.4 

3.3 

3.66 

3.66 

3.5 

3.3    . 

3.96 

3.55 

3.3 

3.1 

3.0 
3.0 
3.0 
3.0 
3.0 


3.6 

2.9 

a6  • 

3.1 

3.56 

3.25 

3.6 

3.0 

3.46 

3.3 

3.6 

3.1 
3.2 
3.0 
3.0 
3.1 

3.3 
3.1 
3.0 
3.0 
3.1 

3.1 
3.0 
2.9 

2.8 
2.6 

2.6 
2.6 
2.5 
2.3 
2.3 

2.5 
2.4 
2.3 
2.2 
2.3 

2.3 
2.2 
2.0 
1.9 
1.9 
2.0 


Aug. 


1.9 

2.0 

2.05 

2.05 

2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.05 
2.05 

2.0 
2.0 
2.0 
2.05 
2.05 

I 
2.0 
2.0 
2.1 
2.15 
2.05 

I 
2.0    , 
2.05  I 
2.0 
1.9 
1.9 
1.9 


Sept. 


1.9 
1.9 
1.9 
1.9 
1.95 

1.8 
1.9 
1.9 
1.9 
1.9 

1.9 

1.9 

1.9 

1.95 

2.05 

1.95 

1.9 

1.9 

1.9 

1.9 

1.9 

1.9 

1.95 

1.9 

1.9 

1.9 
1.9 
1.9 
1.9 
1.9 


Oct.      Nov. 


I 
1.9    ' 
1.9 
1.95 
1.95  ■ 
1.95  I 

1.95 
1.9 
1.9    , 
1.9    I 
1.9 

1.9  ■ 
1.9  ' 
1.95 

1.95  , 

1.96  ! 

1.96 
1.95 
1.95 
1.95 
1.95 

1.9 
1.9 
1.9 
1.9 
1.9 

1.9 
1.9 
1.9 
1.9 
1.9 
1.9 


1.9 
1.9 
1.9 
1.9 
1.9 

1.9 
1.9 
1.9 
1.9 
1.9 

1.9 
1.9 
1.9 
1.9 
1.9 

1.9 
1.9 


«  No  record  on  account  of  ice  January  1  to  April  6. 1906. 
6  Record  discontinued  for  the  winter  on  NovemN*r  18. 

Rating  table  for  Fall  River  at  Fremont,  Idaho,  for  1906. 


Gage 
height 

Dis- 
charge. 

Feet. 
2.00 

Sec.^. 

2.10 

555 

2.20 

625 

2.30 

700 

2.40 

775 

2.  SO 

860    , 

Cfagp 
height 


Feet. 
2.60 
2.70 
2.80 
2.90 

aoo 
a  10 


Dis- 
charge. 


Gage   ' 
height 

Feet.    ' 
a20 
a  30 

a4o 
aso 
aeo 


Sec.-ft. 
945 
1.035 
1,125 
1,225 
1.335 
1.445  a  70    .    2,305    | 


Dis- 
charge. 

I 
8er.-ft. 
1,5«)5 
l.(i85    I 
1.815    I 
1.945 
2,075 


Gage  I     Dis- 
heignt  {  charge. 


Feel. 
aHO 

a90 

4.00 


Sec.-ft. 
2,345 
2.495 
2,655 


Note.— The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  8  discharge 
measurements  made  during  1905-6  and  is  well  defined. 

Monthly  discharge  of  Fall  River  at  Fremont,  Idaho,  for  1906. 
[Drainage  area,  390  square  miles.] 


Month. 


April  7-30 

May 

June 

July 

August 

September 

October 

November  1-17. 


The  period.. 


Discharge  in  second-foot. 

Run 

-off. 

Total  in 
acre-fpft. 

Maximum 

Minimum. 

Mean. 

Soc.-ft.por 
sq.  mile. 

1.62 

Depth  in 
inches. 

'          1,120 

631 

30.000 

1.45 

2,340 

555 

l.a50 

8.3.200 

3  47 

4.00 

2,580 

1.220 

1,780 

10.5.800 

4.56 

5.09 

1,680 

425 

1.010 

02. 300 

2.  (iO 

3.00 

590 

425 

492 

.30.200 

1  26 

1.45 

1               520 

365 

430 

25.  m) 

1.10 

1.23 

456 

425 

437 

26,900 

1  12 

1  29 

426 

425 

425 

14.  .300 

1.09 

.69 

378.000 

Note.— Values  are  rated  as  follows:  May  to  July,  excellent;  April  and  August  to  NovemUT,  good. 
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SUEFACE    WATER   SUPPLY,   1906. 


TETON    RIVER   NEAR   ST.  ANTHONY,  IDAHO. 

This  station  was  established  April  23,  1903.  It  is  located  at  the 
bridge  on  the  stage  road  from  St.  Anthony  to  Victor,  Idaho.  The 
bench  mark  is  a  United  States  Geological  Survey  aluminum  tablet  set 
in  solid  rock  about  30  feet  northeast  of  the  north  end  of  the  bridge; 
elevation,  13.53  feet  above  the  gage  datum.  The  conditions  at  the 
station  and  the  bench  marks  are  described  in  Water-Supply  Paper 
No.  178,  page  99,  where  are  given  also  references  to  publications  that 
contain  data  for  previous  years. 

Discharge  mtasurernerUs  of  Teton  River  near  St.  Anthony,  Idaho,  in  19(>6, 


Date. 


May  12 ,  E.  C.  LaRue. 

May  28 ' do 

June  18 do 

August  13 do 


Ilydrographer. 


Width. 
Ffet. 

Area  of 
section. 

Gagp 
height. 

Sq.ft. 

Feet. 

79.5 

438 

3.20 

79.5 

477 

3.65  . 

79.5 

496 

3.90  1 

79.5 

350 

t«| 

Dis- 
charge. 

Sec-n. 

2.100 
2.270 

646 


Daily  gage  height^  in  feet,  of  Teton  River  near  St.  Anthony,  Idaho,  for  1906. 


Day. 


Feb.       Mar.    j    Apr.    i   May. 


.1  .     . 

2 

3 

4 



5 

G 

7 

8 

9 '     .   .     . 

10 

11 

12 

13 

14 

15 

16 ' 

17 

18 

19 

20  

1  3 
1.3 

21 

22 

23 

24 

25 

2<i 

27 

28 

1  25 
1.3 
1  3 
1.3 

1.3 

1  3 
1.35 
1  36 

'29 

30 

31 

I 


1.3    1 
1.35  I 
1.35 
1.3    I 
1.35 

1.35 

1.3 

1.3 

1.3 

1.3 

1.1 
1.0 
12 
1.3 
1.4 

1.2 
1.2 

1.1  I 
1.1  I 
1.1     I 

1  1     I 
1  2    I 
1.25 
1.3    I 
1.3    j 

1.35  I 
1.35  I 
1.4 

1.6  I 
1.6  I 
1.65  I 


1.6 
1.5 
1.6 
1.6 
1.65 

1.7 
1.9 
2.0 
2.1 
2.15 

2.2 
2. 15 
2.1 
2.0 
2.1 

2.25 
2.45 
2.35 
2.15 

2.1     I 

2.0 
2.1     I 
2  2 
2.3    I 
2.35  I 

2.15  I 
2.0  ' 
1.9  , 
1.9  I 
1.95  I 


2.0 

2.1 

2.15 

2.3 

2.4 

2.3 

2.25 

2.3 

2.5 

2.85 

3.0 
3.3 
3.4 
3.6 
3.85 

3.7 
3.2 

2.85 

2.6 

2.8 

30 

3.1 

2.95 

3.15 

4.1 

4.5 

3.95 

3.6 

3.95 

3.1 

3.8 


June. 


3.66 
3.55 
3.5 
3.9 
3,1 

4.25 

4.1 

3.8 

3.5 

3.45 

3.9 

4.25 

4.9 

4.95 

4.:« 

4.2 

4.15 

3.9 

3.45 

3.0 

2.9 

2.95 

2.9 

2.8 
2.65 

2.7 
2.7 
2.75 
2.9 
2  65 


July. 

AU«. 

Sept. 

Oct. 

2.65 

2.05 

1.8 

1.75 

2.8 

2.05 

1.75 

1.75 

2.95 

2.05 

1.75 

1.86 

3.0 

2.05 

1.75 

1.85 

3.0 

2.1 

1.8 

1.8 

2.95 

2.05 

1.8 

1.8 

2.95 

2.05 

1.8 

1.75 

2.85 

2.05 

1.8 

1.75 

2.95 

2.05 

1.8 

1.7 

2.85 

2.0 

1.8 

1.7 

2.8 

.2.0 

1.8 

1. 7 

1 


I 


2.75 
2.75 
2.7 
2.65 

2.6 

2.6 

2.6 

2.55 

2.5 

2  35 

2.4 

2.4 

2.4 

2.3 

2.25 
2.2 
2.1 
2.1 

2.1 
2.1 


1.9 
1.9 
1.85 
1.86 

1.85 

1.85 

1.8 

1.85 

1.9 

1.95 

1.9 

1.95 

2.0 

2.0 

2.0 
1.95 
1.9 
1.9 

1.85 
1.8 


1.8 
1.8 
1.85 
1.95 


1.8 
1.8 
1.8 
1.8 
1.8 

1.8 
1.75 
1.75 
1.75 

1.75 


1.7 

1.7 

1.75 

1.75 


2.0 

1.7 

2.0 

1.75 

1.9 

1.75 

1.9 

1.75 

1.8 

1.76 

1.75 

1.7 
1.7 
1.7 
1.7 

1.7 
1.7 
1.7 
1.7 
1.7 
1.7 


Nov. 


1.7 
1.7 
1.7 
1.7 

1.75 
1.75 
1.65 
1.65 
1-65 


D«. 


1.6 
1.6 
1. 7 
1.8 
IS 

1.7 
1.65 
1.6 
(a) 


,;« 

1  65    

1.66 

1.65 

1  6 

1.6 

1.6     , 

1.6      

1.65 

1.7 

1.65 

1.6 



1.65  ' 

1.65 

1.6 

1.6 

1.6 

1  6 

1.6 

1.6     ' 

a  Discontinued  for  the  winter. 
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Rating  table  for  Teton  River  near  St.  Anthony  y  Idaho,  for  1906. 


Ga«e 
height. 


DiB- 
ch&ige. 


Gai 
heig 


'     Dift- 
charge. 


Gage 
height. 


Di»- 
chaige. 


Feet. 
LOO 

'"t 

Feet. 
1.80 

S.c^. 

1.10 

142 

1.90 

610 

1.20 

1«7 

2.00 

674 

1.30 

2S3 

2.10 

740 

1.40 

310 

2.20 

808 

1.50 

368 

2.30 

878 

1.60 

427 

2.40 

950 

1.70 

487 

2.50 

1,024 

Feet. 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20. 
3.30 


l~ 


Sec.'/t. 
1,1(» 
1,177 
1,255 
1,335 
1,417 
1,500 
1.584 
1,660 


Gase 
leight. 


he! 


Feet. 
3.40 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.20 


Dis- 
charge. 


Sec.-n. 
1,7M 
l,8fi0 
1,050 
2,060 
2,175 
2.300 
2,435 
2,730 


Ga«e 
height. 

Dia^ 
chaige. 

Feet. 
4.40 
4.60 
4.80 
5.00 

Sec-fl. 
3,045 
3,385 
3,740 
4,115 

Note.— The  above  table  is  atriotly  applicable  only  for  open-channel  eonditiona.    It  is' baaed  on  14 
discharge  measurements  made  during  1904-1006  and  is  well  defined  al>ove  gage  height  1.5  feet. 

Monthly  dijtcharge  of  Teton  River  near  St.  Anthony,  Idaho,  for  1906. 
[Drainage  area,  960  square  miles.] 


Month. 


Discharge  in  second-feet. 
,  Maximum.  I  Minimum.      Mean. 


Run-off. 


Total  in 
acre-feet. 


Scc.-ft.  per '  Depth  in 
sq.  milie.    i  inches. 


February  19-28. 

March 

April 

May 

June 

July 

August 

S<ptemljer 

Octolwr 

November 

December  1-8... 


281 

225 

256 

457 

88 

247 

987 

368 

600 

3,220 

674 

1,520 

4.020 

1,140 

2.010 

1,420 

740 

1,100 

740 

548 

643 

674 

517 

557 

679 

487 

508  1 

517 

427 

456; 

548 

427 

476 

The  period. 


T 


5,080 

a267 

a  10 

15.200 

.257 

.30 

41,100 

.719* 

.80 

93.700 

LS9    I 

1.83 

119,000 

209    ! 

233 

67,400 

L14 

1.31 

39,500 

.670  , 

.77 

33,100 

.580 

.65 

31.200 

.529  1 

.61 

27.100 

.475  1 

.53 

7,650 

.496j 

.15 

480,000 

1 

NoTK.— Values  are  rated  as  follows:  February  and  March,  good;  April  to  Decemlier,  excellent. 
SOUTH   FORK   OF   SNAKE    RIVER    AT   MORAN,    WYO. 

This  station  was  established  September  21,  1903.  It  is  located 
directly  back  of  the  post-office  at  Moran,  Wyo.,  and  about  three- 
fourths  mile  below  the  outlet  of  Jackson  Lake.  The  conditions  at 
the  station  and  the  bench  marks  are  described  in  Water-Supply 
Paper  No.  178,  page  101,  where  are  given  also  references  to  pubU- 
cations  that  contain  data  for  previous  years. 

Discharge  measurements  of  South  Fork  of  Snake  River  at  Moran,  Wyo.,  in  1906. 


Date. 


Hydrographer. 


W5H*>,      An'a  of        Gage  Dis- 

■  YMdin.    ^^lion.     height,      charge. 


June  19  . . . 

.    R.  J.  Newell 

Fert. 
202 

June  24 

do 

202 

August  25.. 

...1  E.C.LaRue 

198 

1 

Sq.  ft. 

1 
Feet.     1 

Sec.-ft. 

1.190 

5.52  ■ 

5,740 

1.030 

4-70 

4.290 

520 

1.85 

962 
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SURFACE    WATER   SUPPLY,   1906. 


Daily  gage  height^  in  feet,  of  South  Fork  of  Snake  River  at  Moron,  Wyo.^for  1906. 


D&y. 


1. 

2. 
3. 
4. 
6. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


Jan.       Feb.      Mar. 


1.0 
1.0 
1.0 
LO 
LO 


1.2 
1.2 
L2 
1.15 
1.15 


1.0 

1.15 

1.0 

1.1 

1.0 

1.1 

.9 

1.1 

.9 

1.1 

.9 

1.15 

.9 

1.15 

.9 

1.15 

.9 

1.15 

.9 

1.15 

.9 

1.15 

1.0 

1.15 

1.0 

1.15 

1.1 

1.2 

1.1 

1.2 

1.15 

1.2 

1.15 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

L2 

L2 

1.2 

1.2 
1.2 


1.25  I 
1.25 
L2    I 
1.2    ! 
L2 

^•2    , 
1.2 
1.2 
1.2 
J.  2 

1.2 
L2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 
1.2 


Apr.      May.  |  June.     July.      Aug.      Sept.       Oct. 


L2 
1.2 
1.2 
L2 
1.2 

1.2 
1.2 
1.2 
1.2 
1.2 


1.2 

L2 

L2 

1.2 

L2 

L2 

1.2 

1.2 

1.2 

1.2 

L2 

I      1.25 

L3    I 
1.3 
1.35  ! 

1.4  I 
1.45  I 
L5 

1.6  I 
1.65 


1.7    I 
1.75 
1.8 
1.85  , 
1.9 

1.95 
2.0 
2.05 
2.15 
2.2.*) 

2.35 

2.55 

28 

3.15 

3.45 

a55 
3.6 

a6 

a65 
3.7 

as 
a95 

4.1 

4.25 

4.5 

4.6 
4.65 

4.8 
5.0 
5lO 

485  j. 


4.7 
4.7 
4.7 
4.6 
4.4 


4.4 

4.3 

4.3 

425 

425 


27 

265  I 
26  I 
25  ' 
25 


46 

'     425 

245 

48 

425 

24    1 

4  75 

425  , 

235  > 

47 

425  1 

215 

48 

425  1 

1.95 

4  85 

42 

L95 

49 

42 

L9 

&0 

a95 

L9 

&1 

ao5 

1.95 

5.25 

a8 

1.95 

1.7 

L7 
1.65 
L65 
1.65 

1.65  . 
L65  I 
1.65 
1.6 
1.6 

1.55 
L55 
L5 
L5 


L25 
L25 
L25 
L25 
1.2 

1.2 
L2 
L2 
L15 
1-15 

LI 
LI 


&65  , 

a65 

5.65  ' 
5.45 
5.2    I 

5l1 
49 
48 
465 
455  I 

45    , 
445 
445  ' 
44 

435  , 


a85 

a7 
a65 
a6 

a5  I 

a55 
a4 
a35 
a  2 
a2 

ai 

295 

28  ; 

28 
28 
2  75 


L9 
L85 
L8 
L8 
L8 

L8 
L85 
L85 
L85 
L85 

L85 

L85 

L8 

L8 

L75 

L75 


L45  ::.:.... 

L45  

L4      

L4      

L4      

L4      

L4    , 

L4      

L35    

La5    

L3      

L3      

L3      

L3     

L3      

L3     

o  Water  shut  off  of  Jackson  Lake  Dam  Octolier  13  to  December  24, 1906. 
Rating  table  for  South  Fork  of  Snake  River  at  Moran,  Wyo.,for  1904-1906. 


Gaffe 
teight. 


heig] 

Feet. 
0.80 
0.90 
1.00 
1.  10 
1.20 
1.30 
1.40 
1.50 
1.(50 
1.70 
1.80 


Dis- 
charge. 


Sec.-ft. 
330 
374 
422 
474 
530 
5U0 
653 
719 
788 
859 
9.32 


Case 

height.  I 

Feet,  I 

1.90  ' 

2  00  , 

210  I 
2  20 

2  30  , 

2  40  I 

2  50  I 

2(i0  I 
2  70 

2  80  I 
2  90 


Dis- 
charge. 

Scc.'ft. 
1,007 
1.084 
l,ir)3 
1.244 
1.327 
1,412 
1,499 
1.588 
1.679 
1,772 
1,868 


t   Ga£^> 
height. 


Dis- 
charge. 


'   Gage 
I  height. 


Feel. 
3.00 
a  10 
a  20 

a  30 
a  40 
a  50 
aeo 
a  70 
a  80 
ago 

400 


Sec.-ft. 
1,967 
2.070 
2.175 
2.285 
2.400 
2.515 
2.635 
2.700 
2.885 
3,015 
3,145 


Feet. 
410 
420 
430 
440 
4  50 
4  60 
4  70 
4  80 
4  90 
5.00 
5.10 


Dis- 
charge. 

!   Gage 
height. 

Sec.-ft. 

Feet. 

3,280 

&20 

3,420 

5u30 

3,565 

&.m 

3,715 

5.50 

3.870 

5.60 

4,030 

1    &70 

4,195 

'    5.80 

4.365 

4,540 

4.720 

4.900 

Dia- 
chaxge. 


Sec.-ft. 
5,080 
5,265 
5,450 
5.640 
5.830 
6.025 
6.220 


Note.— The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  iMMed  on  9  dischArge 

measurpinonts  made  during  UK»  190ti  and  is  well  definod. 

Monthly  discharge  of  South  Fork  of  Snake  River  at  Moran,  Wyo.^for  1906. 
[Drainage  area,  820  square  miles.] 


Month. 


January 

Fobruary 

March 

April 

May 

June 

July 

August 

8epteml)er 

October  1-12. 


The  period. 


1        Discharge  in  second-fcct. 

Total  in 

Run-off. 

Maximum. 

Minimum. 

Mean. 

acre-feet. 

8ec.-ft.per 
sq.  mile. 

Depth  in 
Inches. 

530 

374 

449 

27,600 

a548 

a63 

.530 

474 

511 

28.380 

.623 

.65 

560 

,530 

532 

32.700 

.649 

.75 

823 

530 

572 

34,000 

.698 

.78 

4720 

859 

2.450 

151,000 

299 

a45 

1            5,930 

a  040 

4,480 

267,000 

5u46 

&0Q 

a  720 

1,720 

2,820 

173,000 

a44 

a97 

1,680 

895 

1,120 

68,800 

L36 

L57 

859 

590 

708 

42,100 

.863 

.96 

560 

474 

520 

12,500 

.641 

.29 

837,000 

1 



NOTE.—Values  are  rated  as  follows:  January  to  April,  September,  and  October,  good;  May  to 
August,  excellent.    Flow  assumed  unafXeoted  by  ice  conditions. 
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SOUTH  FORK  OF  SNAKE  RIVER  NEAR  LYON,  IDAHO. 

This  station  was  established  April  18,  1903.  It  is  located  on  the 
old  site  of  Wedekind's  Ferry,  between  Lyon  and  Swan  Valley,  at  the 
upper  end  of  Conant  Valley.  It  is  about  45  miles  from  Idaho  Falls, 
Idaho.  The  conditions  at  the  station  and  the  bench  marks  are 
described  in  Water-Supply  Paper  No.  178,  page  103,  where  are  given 
also  references  to  publications  that  contain  data  for  previous  years. 

Discharge  measurements  of  South  Fork  of  Snake  River  near  Lyon,  Idaho,  in  1906. 


Date. 

Hydrographer. 

Width. 

.\reaof 
wetion. 

Mav21 

E.  r.  T,a  Rno 

Feet. 
292 

Sq.ft. 
2,370 

June  11 

June  12 

do ". 

do 

295 

299 

2,  .580 
2,070 

Gage 
height. 

Feet. 
5.80 
6.45 
6.86 


Dis- 
charge. 

Sec.-ft. 
15,900 
19,500 
20.600 


Daily  gage  height,  in  feet,  of  South  Fork  of  Snake  River  near  Lyon,  Idaho,  for  1906. 


Day. 


Feb.       Mar.   |    Apr.   |   May.  j  June.  I  July.      Aug.      Sept. 


I 


Nov. 


1. 

2 

.3 

4 

5 

6 

7 

8 

9 

10       

11 1 

12 

1.3 

14 

15 

16 ' 

18 

19 

20 

(a)        , 

1.7 

1.3 

21 

1.4 

22 

23 

1.4    1 

1.3 

24     

1.2 

25 

1.15. 

26 

1. 1 

27  . 

1.1     1 

28 

1.  as 

29        .       :  ...  :  . 

:« 

31 

1,05  ' 
1.05 
1.0 
.9    , 

.8 


.7 

.7 
.7 
.7 

.7 
.4 
.4 
.6 


.6 
.5 

.5 


.8 
.8 
.8 
.8 
.9 

.9 
9 


0.95 
1.1 
l.l 
.95 


.9 

.95 
1.2 
1.35 
1.45 
I 

1.5 
1.6 
1.5 
1.5 
1.6 

1.8 
2.1 
2,4 
2.5 
2.6 

2.85  ' 
3.2    , 
3.6    , 
.3.7 
3.55 

I 
3.2 
3.0 
3.0 
3.2 
3.5 


5  0 
5.2 
5.55 
6.15 
6.4    I 

6.2 

5.5 

5.15 

5.05 

5.35 

5.8  I 
5.7    I 
5.7 
6.35  . 
7  2    1 

7.15  I 

6.9  I 
7.25 
7.55 
7.15 
6.9 


6.55 

6.3 

6.2 

6.35 

6.65 

6.9 
6.7 
6.3 
6.1 
6.1 

6.4 
7.0 

7!  9    I 
7.6    I 

7.5 
7.4    . 

7.1 
6.  6 
6.2 

6.0 
6.0 
5.95 
5  65 
5  5 

5.4 

5.5 

5.7 

5.55 

5.2 


5.25 
5.6 
5.7 
5.7 
&6    , 


3.35  I 

3.25 

3.25 

3.2 

3.1 


5.65 

3.05 

5.6 

3.0 

5.5 

2.9 

5.4 

2.8 

5.35 

2.7 

2.2    I 
2.2    ' 
2.1     i 
2.1 
2.05 

2.05 

2.0 

2.0 

2.0 

2.0 


1.65  I 
1.6 

1.6  ; 

1.65  ' 

1.65 ; 

1.6    I 
1.6    . 
1.6 
1.55  , 
1.55 


1.25 

1.2 

1.2 

1.25 

1.25 

1.2 
1.2 
1.2 
1.2 
1.2 


5.3 

2.6 

1.95 

1.55 

1.2 

5.2 

2.5 

1. 95 

1.5 

1.2 

.■>.  15 

2.55  1 

1.9 

1.55 

1.2 

5  2 

2.55  1 

1. 95 

1.5 

1.5 

50 

2.5    ! 

2.0 

1.45 

1.7 

4.8 

2.4 

1.95 

1.4 

1.55 

4.7 

2.  35 

1.9 

1.4 

1.4 

4.7 

2. 35 

1.9 

1.3 

1.2 

4.»« 

2.4 

1.85 

1.3 

1.1 

4.4 

2.5 

1.S5 

1.25 

.9 

4.3 

2.6 

1.8 

1.2 

.9 

4.3 

2.8 

1  8 

1.2 

.65 

4.3 

2.  9 

1.75 

1.3 

.55 

4.2 

2.85 

1.75 

1.25 

.75 

4.05 

2.7 

1.75 

1.3 

.9 

3.9 

2.6 

1.7 

1.3 

.9 

3.8 

2.5  ; 

1.7 

1.25 

.8 

3.(>5 

2.4 

1.7 

1.25 

.75 

3.5 

2.3 

l.(>5 

1.25 

.75 

3.4 

.     2.3 

l.(i5 

1.  25 

.6 

3.3 

2.2     . 

1.25 

(«>) 

«  Frozen  over,  January  1  to  February  18. 

fr  December  1,  record  discontinued  for  the  winter. 
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Rating  table  for  South  Fork  of  Snake  River  near  Lyon,  Idaho,  for  1906. 


Gage 
height. 

Dis- 
charge. 

Gage 
'  height. 

Dla- 
charge. 

Gage 
height. 

Dis- 
charge. 

1   Gage 
height. 

Feet. 

Dis- 
charge. 

Gage 
height. 

Dl». 
chaiigc. 

Feet. 

Sec.'ft. 

Feet. 

Sec.-ft. 
3,000 

Feet. 

Sec.'ft. 

t^- 

Feet. 

Sec.-ft. 

0.40 

1,700 

'    1.50 

,    2.60 

5,090 

3.70 

5.40 

14.160 

0.50 

1,800 

1.60 

,    3,155 

1    2.70 

5,310 

3.80 

8,150 

5.60 

t  15,010 

0.60 

1,900 

1.70 

3,320 

2.80 

5,'520 

:•-  90 

8.450 

5.80 

15.900 

0.70 

2,005 

1    1.80 

3,495 

1    2.90 

5.750 

4.00 

8,760 

6.00 

16,830    . 

0.80 

2,116 

,    1.90 

3.680 

3.00 

5,980 

4.20 

9.420 

6.20 

17,790 

o.go 

2,225 

'    2.00 

3,870 

3.10 

6.220 

4.40 

10,150 

1    6.40 

1  18.760 

1.00 

.  2,340 

2.10 

4.065 

3.20 

6.470 

4.  {'JO 

10,920 

6.60 

1  19.750 

1.10 

2.460 

2.20 

4.265 

3.30 

6,730 

4.80 

11,710 

6.80 

20.750 

1.20 

2,585 

'    2.30 

4,465 

3.^:0 

7.000 

5.00 

12,520 

7.00 

1  21,760 

1.30 

2,715 

,    2.40 

4,670 

3.50 

7.208 

.•>.20 

!  13,340 

8.00 

,  27.0150 

1.40 

2,855 

2.50 

4.880 

3.60 

7,560 

1 

Note.— The  above  table  is  applicable  only  for  open-channi'l  conditions.    It  is  liased  on  discharge 
measurements  made  during  1903-1906  and  is  Well  denned. 

Monthly  discharge  of  South  Fork  of  Snake  River  near  Lyon.  Idaho,  for  1906. 
[Drainage  area,  5,4«0  square  miles.] 


Month. 


February  (19-28). 

March 

April 

May 

June 

July 

August 

Septemljer 

Octol)er 

Novemljer 


The  period . 


Discharge  in  second 

-fwt. 

1 

Run-ofl. 

1  oiai  m 

Maximum. 

Minimum. 

Mean. 

acre-feet.   |  Sec. 
sq 

-ft.  per 
mile. 

Depth  in 
inches. 

3,320              2,400 

2.690 

53.300 

0.491 

a  18 

2,400              1.700 

2.080 

128, OTO  1 
256,000  ' 

.379 

.44 

7,850              2.220 

4.200 

.786 

.88 

24. 600              7.280 

14,900 

915,000 

2.72 

.^14 

26.500  '           13.300 

18,900 

1,120.000  ; 

3.44 

as4 

15.400              0,7o0 

11.700 

718.000  1 

2.13 

2.4*. 

6,860  ,            4,260 

5,320 

327,000 

.970 

1.12 

4, 260               3, 240 

3,700 

220.000  ' 

.675 

.75 

3,240  !            2.580 

2,890 

178.000 

.528 

.61 

3,320 

1.850 

2,470 

147,000  1 

.450 

.50 

4,070,000  1 

1                       1 

Note.— Values  for  1906  an^  excdhnit. 


BUFFALO    RIVER    NEAR    ELK,    WYO. 

On  July  31,  1906,  a  temporary  station  was  established  at  the  wagon 
bridge  on  Buffalo  River,  800  feet  above  its  junction  with  South  Fork 
of  Snake  River. 

The  gage  is  a  vertical  staff  nailed  to  the  middle  pier  of  the  bridge 
and  was  read  by  the  Government  engineers  during  the  construction 
of  the  temporary  dam  at  Jackson  Lake. 

Discharge  measurements  of  Bujfnlo  River  near  Elk.,  Wyo.,  in  1906. 


Date. 


Mydrogrnphor. 


Width, 


Feet. 


August  14 !  \V.  G.  Davies '      74 

August25 E.  C.  La  Kur ' 


74.5 
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Daily  gage  height,  in  feet,  of  Buffalo  River  near  Elk,  Wyo.,  in  1906. 


D«y. 

July.     .\ug. 

Sept. 

Oct. 

Nov. 

1 
Day.         !  July. 

Aug. 

Sept. 

4.1 

Oct. 

Nov. 

1 

..1 4.8 

4.15 

4.0 

3.9 

1 
,  17 1 

4.3 

3.9 

4.0 

o 

..    4.75 

4.15 

4.0 

3.9 

18 

4.25 

4.1 

4.0 

4.0 

3 

4.75 

4.1 

4.0 

3.9 

19 

4.35 

4.1 

4.0 

4.0 

4 

4.8 

4.1 

4.0 

3.9 

20 

4.45 

4.1 

4.0 

4.0 

5 

4.7 

4.1     j 

4.0 

3.9 

21 

4.6 

4.1 

4.0 

(«) 

6 

4.8 

4.1     1 

4.0  ■ 

3.9 

22 

4.66 

4.1 

4.0 

7 

4.6 

4.1    ' 

4.0 

3.9 

23 

4.6 

4.1 

4.0 

8 

4.55 

4.1 

4.0 

3.9 

24 

4.65 

4.1 

4.0 

9 

4. 5 

4.1 

4.0 

3.9 

25 

4.6 

4.1 

a9 

10 

4.4 

4.06 

3.9 

3.9 

26 

4.4 

4.0 

3.9 

11 

4.4 

4.06 

3.9 

4.0 

27 

4.35 

4.0 

3.9 

12 

4.45 

4.05 

a9 

4.0 

28 

4.3 

4.0 

3.9 

13 

4.5 

4.1 

3.9 

4.0 

29 

4.25 

4.0 

3.9 

14 

..,  4.5 

4.1 

3.9 

4.0 

30 

4.2 

4.0 

3.9 

15 

4.4 

4.1 

3.9  1 

4.0 

31 ■      4.8 

4.2 

3.9 

16 

.    4.3 

4.1 

3.9 

4.0 

a  Record  discontinued  (or  the  winter. 
PACIFIC    CREEK   NEAR   MORAN,  WYO. 

On  July  31,  1906,  a  temporary  station  was  established  at  the 
wagon  bridge  on  Pacific  Creek,  500  feet  above  its  junction  with 
South  Fork  of  Snake  River. 

The  gage  is  a  vertical  staff  nailed  to  the  right  abutment  pier  of 
the  bridge.  The  gage  readings  were  taken  by  the  Government 
engineers  during  the  construction  of  the  temporary  storage  dam  at 
Jackson  Lake. 

Discharge  measurements  of  Pacific  Creek  near  Moran,  Wyo.,  in  1906. 


Date. 


Hydrographer. 


August  14 W.  G.  Davles. 

August 25 E.G.  La  Rue. 


Width. 


Area  of 
*,  suction. 


Feet. 
31 
29 


77 


Ga«e     I     l)ift- 
heignt.      charge. 


Feet. 
6.45 
6.60 


Sec.-ft. 
96 
103 


Daily  gage  height,  in  feet,  of  Pacific  Creek  near  Moran,  Wyo.,for  1906. 


Day. 

Aug. 

Sept. 

Oct. 

6.2 

6.2 

6.16 

6.15 

6.15 

6.15 

6.15 

6.1 

6.1 

6.1 

6.1 

6.06 

6.05 

6.05 

6.1 

6.16 

Nov. 

6.15 
6.15 
6.15 
6.15 
6.15 
6.15 
6.15 
6.15 
6.15 
6.15 
6.15 
(«) 

Day. 

17 

18 

19 

•20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

July.       Aug.    1 

6.35 

6.3 

6.4    ' 

6.5    , 

6.5    ' 

6.6  ; 

6.65 

6.(i5 

6.55 

6.5 

6.45 

6.45 

6.4 

6.35 

6.7         6.35  ' 

1                '               1 

Sept. 

Oct. 

1      

6.65 

6.65 

6.7 

6.8 

6.7 

6.6 

6.6 

6.6 

6.55 

6.5 

6.45 

6.45 

6.45 

6.45 

6.4 

6.35 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 

6.26 

6.25 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 

6.3 

6.25 

6.25 

6.25 

6.25 

6.25 

6.2 

6.2 

6.2 

6.2 

2 

6.25 

3       

6.25 

4 

6.25 

5       

6.2 

6 

6.2 

7       

6.2 

8 

6.2 

<j 

6.2 

10         

6.2 

11.:::::::::::..:. 

6.2 

J-) 

6.2 

13 : 

6.2 

14 

6.2 

15              

6.2 

16 

a  Record  discontinued  for  the  winter. 
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BLACKFOOT    RIVER    NEAR    PRESTO,  IDAHO. 

This  station  was  established  April  17,  1903.  It  is  located  on  the 
ranch  of  James  Just,  2  miles  west  of  Presto  and  about  15  miles  from 
Blackfoot,  Idaho.  The  conditions  at  the  station  and  the  bencli 
marks  are  described  in  Water-Supply  Paper  No.  178,  page  106,  where 
are  given  also  references  to  publications  that  contain  data  for  pre- 
vious years. 

Discharge  measurements  of  Blackfoot  River  near  Presto^  Idaho,  in  1906. 


Date. 


Hydrographer, 


I 


Width. 


Arwi  of 
section.  , 


Gagn  Dis- 

hcight.      chargi'. 


1" 


May  6 1  E.  C.  La  Rue. 

May  20 i do 

June  10 ' do 

August  5 1 do 


Feet.   1 

Sq.ft.     1 

Feel. 

Sec.-tt. 

56  , 

293  ' 

4.06 

Sj9 

.   56 

288 

4.04 

•S2 

56 

254  1 

3.40 

7.59 

53 

111  ' 

1 

.05 

&4 

Daily  gage  freight,  infect,  of  Blackfoot  River  near  Presto,  Idaho,  for  1906. 


Day. 


Mar.       Apr.       May.      Juno.      July.      Aug. 


5 1 

6 1 

7 

8 

I   0.7 

9 

1    .8 

10 

....    .6 

11    

1 

12 

,    .7 

13 

i    .6 

14 

'    .6 

15 

1    .7 

16 

1    .8 

17 

1    .8 

18.. 

'    .9 

19 

1    .8 

20 

.75 

21 

7 

22 

1    .7 

23.      

9 

24 

1.7 

2.5. 

85 

26 

27 

75 

28  . 

1    .8 

29 

8 

30 

:■; :i  %, 

31 

...;  i  9 

0.8 

4.45 

4.1 

1.2  ' 

0.1 

.85  , 

4.3  , 

4.15 

1.2  1 

.a5 

.8 

4.2  ! 

4.05 

1.25 

.05 

.9  1 

4.15  1 

4.1 

1.2  1 

.05 

.95 

1 

4.15 

1 

4.1 

1.15  1 

.05 

.9  1 

4.a5  1 

3.95 

1.1  1 

.05 

.9 

4.0 

3.75  ' 

1.0 

.0 

.85 

3.9  1 

3.6  , 

.95  1 

.0 

.9 

3.65 

3.5 

.9 

.a5 

.7 

3.4 

3.3,5  1 

.9  1 

..1 

.95 

3.15 

3.2  ' 

.9 

.1 

1.0 

3.0 

3.0 

.7 

.15 

.9 

2.75 

2.7 

.65  ' 

.4 

.9,5 

2.9 

2.5 

.r»5  i 

.2 

1.4 

3.45 

2.35 

.6 

.2 

1.5 

3.75  ' 

2.2 

.5 

.2 

1.7 

3.. 5,5 

2.05 

.55 

.25 

1.95 

3.7 

2.0 

.55  1 

.3 

2  5 

4.0 

2.0 

.4 

.35 

2.85 

4.1 

1.85 

.35 

.3 

3.3 
4.1 
5.1 
5.5 
5.5 

5. .35 
5.1     , 
5.0 
4.7 
4.5 


3.8 
3.55 
3.3     , 
2.9 
2.95 

2.8  ' 

2.9  I 
3.3 
3..5;5  ' 
3.7  , 
3.8 


1.7 

1.8 


l.oo 

1.5 
1.4 
1.4 
1.2.5 
1.15 


.3 

.2 

.15 

.15 

.15 

.1  ' 
.15  I 
.1     , 


Sept.       Oct.    I   Nov. 


.3 
35  1 
.3 

.3    i 
.35, 

:t5' 

.45 
.5 

.5    I 
.5    I 


0.5 
.45 
.5 
.5 
.5 


•S  I 


0.75 
.75  ' 

•8    , 

.75  ; 

.8 

.8 
.8 
.8 
.75 

.7 

.8 
.8 

.8    , 
.9 

.8     I 

.85  I 
.9 

.85 

.85  I 

.9    I 

I 

■®    1 

1.0 

.95  ' 
1.0    , 


.9 

.95  I 
.9    1 
.9    I 
.9 
.95 


1.0 
.95 
1.0 
1.0 
1.05 

i.as 
.a5 

.^5 
1.0 
I.O 

1.0 
1.1 

i.a5 

1.0 
l.(X5 

1.05 

1.1 

1.15 

1.1 

1.3 

1.45 

1.4 

1.5 

1.6 
1.6 

1.55 
1.6 
1.6 
1.9 
1.9 
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Rating  table  for  Blackfoot  River  near  Presto,  Idaho,  for  1906. 


Gage 
height. 

Dis- 
charge. 

1   Gage 
height. 

Dis- 
charge. 

Sec.-ft. 

Gage 
height. 

,    Feet. 

Dis- 
charge. 

Sec.-ft. 

Gage 
height. 

Feet. 

Dia- 
chaige. 

Sec.-ft. 

Gage 
height. 

Feet. 

Dis- 
chaige. 

Feet. 

Feet. 

'"i^- 

0.00 

0.90 

182 

1.80 

1        345 

2.70 

548 

4.20 

.10 

70 

1.00 

190 

1.90 

365 

2.80 

573 

4.40 

1.070 

.20 

62 

1.10 

216 

2.00 

1        386 

2.90 

50K 

4.60 

1.150 

.30 

94 

1.20 

233 

2.10 

407 

3.00 

624 

4.80 

1.250 

.40 

107 

1.30 

251 

2.20 

429 

3.20 

679 

5.00 

1,350 

.50 

121 

1     1.40 

260 

2.30 

451 

3.40 

738 

5.20 

1.450 

eo 

135 

1     l.SO 

287 

2.40 

474 

3.60 

798 

5.40 

1,570 

.70 

150 

1     1.60 

306 

2.50 

408 

3.80 

858 

.80 

166 

■    1.70 

325 

2.60 

1        ^ 

4.00 

925 

Note.— The  above  table  is  applicable  only  for  open-channel  conditions, 
zneasarements  made  during  1901-1906  and  is  well  defined. 


It  is  based  on  discharge 


Monthly  discharge  of  Blackfoot  River  near  Presto,  Idaho,  for  1906. 
[Drainage  area,  1,020  square  miles.] 


Discharge  in  second-feet. 


Month. 


j  Maximum,  i  Minimum.      Mean. 


lCaicb8-31. 

April 

May 

June 

July 

August 

Sc*ptember. 

October 

November. 


325  I 
1.630 
1,090 
977 
242 
121 
166 
199 
365 


135 
150 
560 
224 

70 

50 

114  I 
150 
190  I 


165 
593 
801 
551 
130 
87 

138  ' 
174  1 
240 


Total  In 
acre-feet. 


7,860 
35.300 
49.200 
32,800 

8,  .WO 

5.:»o 

8,210 
10.700 
14,300 


The  period. 


172,000 


Run-olT. 

Sec.-it.per|  Depth  in 
sq.  mile.       inches. 

0. 162  :           0. 14 

.584 

.65 

.788 

.91 

.542 

.60 

.137 

.16 

.086 

.10 

.136 

.15 

.171 

20 

.236 

.26 

Note.— Values  are  rated  as  follows:  April  to  June,  excellent;   March,  July,  and  September  to 
November,  good;  August,  fair. 

BIG   LOST   RIVER   NEAR   MACKAY,  IDAHO. 

This  station  was  established  November  12,  1903,  and  was  discon- 
tinued September  1,  1906.  It  is  located  3i  miles  above  Mackay, 
Idaho,  above  **The  Narrows.''  The  conditions  at  the  station  and 
the  bench  marks  are  described  in  Water-Supply  Paper  No.  178, 
page  108,  where  are  given  also  references  to  publications  that  con- 
tain data  for  previous  years. 

Discharge  measurements  of  Big  Lost  River  near  Mackay,  Idaho,  in  1906. 


Date. 

Hydrographer. 

,  Width. 

Anvi  of 
aeotion. 

Sq.  ft. 

^  1 

la'-. 

134  1 

298  i 
108 

Oago 
height. 

Feet. 
2.60 
3.17 
3.95 
6.25 
3.20 

Dis- 
charge, 

April  21 

Mays 

May24 

June  14 

AugU8t7 

E.  C.  La  Rue 

!    Fert. 
36 

Sec.-ft. 
140 

do 

; do 

do 

.38 

42 

90 
40 

267 

498 

1,470 

324 
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SURFACE   WATER   SUPPLY,   1906. 


Daily  gage  height,  in  feet,  of  Big  Lost  River  near  Mactay,  Idaho,  for  1906. 


Day. 


Jan.       Feb.       Mar.    '    Apr.    ;  May.      June.      July.       Aug. 


1. 
2. 
3. 
4. 

5. 

6., 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


2.7 

2.65' 

2. 05 

2.65 

2.65  ; 

4.1 

4.7    1 

3.5 

2.7 

2.6.') 

2.65 

2.65 

2.65 

4.05 

4.65  1 

3.5 

2.7 

2. 65 

2.65 

2.65  i 

2.65 

4.0 

5.05 

3.45 

2.7 

2.W 

2.65 

2.65 

2.65 

4.2 

5.3 

a4 

2.7 

2.65 

2.6 

2.65 

2.8 

4.6 

5.4 

3.3 

2.7 

2.65 

2.6 

2.65 ; 

2.0 

4.6 

5.6 

3.25 

2.7 

2.65 ; 

2.6 

2.7    ' 

3.1 

4.5 

5.5 

3.15 

2.7 

2.65  , 

2.6 

2.7    1 

3.3    , 

4.25 

5.4 

3.1 

2.7 

2.65 

2.6 

2.7 

a55 

4.2 

5.4 

aw 

2.7 

2.65 

2.6 

2.7 

3.8 

4.15 

5.2 

3.0 

2.7 

2.<i5 

2.6 

2.7 

4.3 

5.3 

5.1 

2.ft.'» 

2.7 

2.65  1 

2.6 

2.7    1 

4.5 

5.8 

5.1 

Z9S 

2.7 

2.65 

2.6 

2.7    . 

4.7 

5.8 

5.6    , 

.12 

2.7 

2.65  ' 

2.6 

2.7 

4.6.'i  , 

6.2 

s.a'i' 

.115 

2.7 

2.65  , 

2.6 

2.65  ' 

4.7    , 

5.8 

5.5    1 

3.a5 

2.7 

2.65  I 

2.6 

2.65  1 

4.6    1 

5.7 

5.1 

.10 

2.7 

2.a5 

2.6 

2.66  ! 

4.4 

5.5 

4.9 

3.0 

2.7 

2.t>5  ' 

2.6 

2.65 

4.25 

5.4 

4.85 

ao 

2.7 

2.65  1 

2.  6 

2.65  1 

4.0 

5.3 

4.6 

2  W 

2.7 

2.65  I 

2.6 

2.65  1 

4.0 

5.-2  . 

4.5 

2y>5 

2.7 

2JV)  1 

2.6 

2.(i5 

4.1     1 

5.2 

4.4 

2.95 

2.7 

2.6.-,  ' 

2.6 

2.(>5  i 

4.0 

5.2 

4.35  . 

3.2 

2  7 

2.65  1 

2.6 

2.65  1 

3.95  , 

5.1 

4.2    , 

a  4 

2  7 

2  65 

2.6 

2.65  1 

3.95 

4.85 

4.a5  ' 

3.4 

2.7 

2.  (i5 

1 

2.6 

2.65  1 

4.0 

4.7 

3.9 

3.4 

2.7 

1 
2.(w  ■ 

2.6 

2.65 

4.1 

4.9 

3  75 

3.35 

2  7 

2.65 

2.65 

2.65  i 

4.4 

5.1 

3.»» 

a3 

2  7 

2.65 

2.65 

2.(i5  ' 

4.4 

5.25 

a6 

3.2 

2  7 

2.65 

2.65 

4.4    • 

5.0 

3.55 

ai 

2.7 

1 

2.(i5 

2.ti5 

4.25 

4.7 

3.5 

ao 

2.  (« 

2.  tW 

4.1     , 

3.5    ' 

ao 

Ratimj  table  for  Big  Lost  River  near  Mackay,  Idaho,  for  19(Hi. 


GaKP        Di.s-         Gago        Dis- 
helght.    charge,     heiglit.    charge 


r.ago        Dls-         Gage        Dls- 
hright.   charge,    height,    ehargi*- 


Ft  ft.    .  Sec. -ft.       Ffrt.   '  Sec. -ft.       Fid.      Sec. -ft.  \     Feet.   >  Sec.-fl. 


2.50 
2.(10 
2.70 
2.80 
2.90 
a  00 

a  10 
a  JO 


129 
145 
163 
18.3 
205 
227 
2.W 


a:» 

3.  10 

a  50 
aco 

3.  70 

a  so 

3  90 
4.00 


:«)2 
au 

.3(.2 
395 

mi 

4(i3 
497 


4.10 
4.20 
4.30 
4.40 
4  TjO 
4.«i0 
4.70 
4  SO 


♦02 
(-)40 

7-20 
7(50 
802 
S44 


4.90 
5.00 
5.10 
5.20 
5.30 
5.40 
5.50 
5.00 


886 
928 
970 
1.012 
1.064 
1.097 
1,140 
1,183 


Gage 
height. 

I    Feet. 

5.70 

5.80 

5.90 

I    6.00 

'    6.20 


Dia- 
ehaiigc. 

Sec.-n. 
1.227 
1,271 
1.315 
1,360 
1.450 


Note.— The  jibove  table  Is  applicable  only  for  oi>«'ii-<'hannel  conditions.     It  is  t>ased  on  diaehArge 
mejiaiiremenls  inati*'  «liiriiig  l'.J(Vl-19(K'»  and  is"  well  defiiH'd. 

Monthly  diachnnje  of  B iff  Lost  River  near  Mackay,  Idaho,  for  1906. 


Janiiary . . 
Februarv. 
March..".. 

.\pril 

May 

June 

July 

August . . . 


Month. 


I        Discharge  iji  second-foot. 
Maximum.    Minimum.      Mean. 


163  ' 
1.54 

uv;^  , 

802 

1.4.M)  I 

1,200  , 

3<>2  I 


— 

— , 

154 

163  1 

154 

154  1 

145 

148 

154 

156 

154 

507 

531 

914 

362 

814  , 

216 

270 

Total  in 
acp^feet. 


10,000 
8,550 
9,100 
9,280 
31,200 
54,400 
50,000 
16.600 


Th«'  i)eriod , \ 

Note.— Values  are  rat«'d  a.s  excellent.    Flow  assumed  unaffected  by  loe  conditions. 


189,000 
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BIG   LOST   RIVER   NEAB   CHILLY,  IDAHO. 

This  Station  was  established  April  25,  1904,  and  was  discontinued 
August  31,  1906.  It  was  located  at  Howell's  ranch,  the  last  one  on 
the  left  bank,  about  25  miles  upstream  from  Mackay,  7  miles  from 
Chilly,  and  about  3  miles  above  Kinickinick  Point. 

The  gage  is  a  vertical  staff  on  the  left  bank  one-half  mile  above 
the  cable,  300  feet  from  Mr.  Howell's  house.  Until  April  20,  1906, 
the  gage  was  located  one-(|uarter  mile  from  the  house.  It  was 
moved  in  order  to  place  it  on  the  main  channel.  During  1906  it 
was  read  once  each  day  by  Miss  Maud  Ilowell.  The  conditions  at 
the  station  and  the  bench  marks  are  described  in  Water-Supply 
Paper  No.  178,  page  110,  where  are  given  also  references  to  publica- 
titms  that  contain  data  for  previous  3'ears. 


IHscharge  irieasurenienin  of  Big  Lost  River  near  Chilly,  Idaho,  in  W06. 


Date. 


Ilydrographer. 


Width. 


Arpii  of 
soclion. 


(J  ago 
height. 


Dis- 
charge. 


April  21 E.G.  La  Rue. 

April  22 do 

May8 do 

May  9 do 

May24 do 

June  14 do 

August  7 do 

August  8 do 


Feet. 

Sq.ft.    , 

Feet. 

Sec.-ft. 

HI 

149 

2.50 

233 

HI 

1»« 

2.fi7 

300 

H4 

2Ui 

3.35 

740 

H5 

239 

3.60 

909 

H3 

2i;j 

3. '28 

651 

U2 

:«)s 

4.;«) 

1,790 

SI..-; 

\y^ 

2.(18 

310 

HI.  5 

it«  , 

2.70 

318 

Daily  gage  height,  in  feet,  of  Big  Lost  River  near  Chilly.  Idaho,  for  WOfL 
Day.  Apr.  i  May.    Juno.    July.     .Vug.  Dhv.  .\pr.     May.    June.    July.     Aug. 


1 

2. 75 

2.9 

3.1 

3.35 

3.3 

3.3 

3.3 

3.4 

.3.6 

3.8 

3.8 

3.9 

3.8 

3.8.5 

3.75 

3.5 

3.2 

3.1 

3.2 

3.4 

3.5 

3.5 

3.3 

3.25  , 

3.3 

3.5 

3.9 

4.55 

4.7 

4.3 

4.15 

4.4 

3.6 

3.S 

3.9 

4.0 

3.9.-. 

3.9 

4.0 

3.8.T 

3.8 

3.7 

3.75 

3.8 

4.0    1 

3.9 

3.7 

3.5 

2.8 

2.8 

2.  75 

2.7 

2.7 

2.7 

2.7 

2.7 

2.6.) 

2.G 

2.6 

2.6 

2.7 

2.6 

2. 6 

2.5 

17 

IS 

19 

20 

21 

22 

h'. .'.'.'./.'. 

24 

25 

•26 

27 

2S 

2«<     . 

(«) 

2.5 

.'.'.'.      2.  Ii5 

. . . .      2.9 

2.  H 

. . . .      2. 7 

2.  iVi 

2.  «■»,■) 
2. 6 

3. 3.') 
3.3 
3.2 
3.4 
3.4 
3.3 
3. 3 
3.3 
3.4 
3.6 
3.5 
3.4 
3. 3 
3.2 
3.2 

4.1 

•> 

3.H5 

3 

3.  75 

4 

5 

(i • 

3.7 
3.  H.-, 
3.9 
3.  H.*i 

,s 

3  5 

9 

10 

U 

12 

13               .      . 

3.  6 
3.H 
3.  H 
3.9 
3  t) 

14 

l.'j     . 

30 

31 

. . . .      2.  75 

3. 45 

i«i 

«  Frozen  over  January  1  to  April  20. 


Rating  table  for  Big  Lost  River  near  Chilly,  Idaho,  for 


lUOil. 


Gage 
hel^t. 


Dis- 
charge. 


Gage        Dis- 
height.  I  charge. 


Feet. 

"% 

Feet. 

Sec.-ft 

2.10 

2.70 

320 

2.20 

120 

2.80 

370 

2.30 

155 

2.90 

420 

2.40 

196    1 

aoo 

475 

2.50 

235 

3.10 

530 

2.60 

275    ' 

3.20 

590 

-  .  _ 







Gage 
height. 

Fert. 
3. :«) 
3.  40 
a  50 
3.60 
3.70 
3.  SO 


Dis-         Gujrp 
chargo.     hoi^'ht. 


Src.-ft. 
(Vi() 
710 
820 
910 
1,020 
1,140 


Ffft. 
W. '.»() 
4.(K) 
4.10 
4. 20 
4.  .iO 
4.40 


Dis- 
charge. 

Srr.-tt. 
l.JtKt 
1 .  .W) 
1.510 
1 .  CmO 
1 .  700 
1.9;if» 


hciKht. 

r,ft. 

4.  .'W> 
4.  M) 
4.  7J) 


3.6 

2.5 

3.5     1 

2.5 

3.3 

2.6 

3. 2.') 

2.6 

3. 2.5 

2.7 

3.  2.-. 

2.7 

3.2 

2.  75 

3.  .V) 

2.7 

3. 0.5 

2. 6 

3. 2 

2.  .V) 

2. 95 

2. '} 

2.9 

2.5 

2.  .S.-) 

2. 5 

2. 85 

2. 5 

2.9 

2. 5 

Dis- 
charge. 

S,r..ft. 
2.0S0 
■2.-2-M) 
2.3S0 


Note.— The  above  table  is  applicable  only  f(>r  or>on-<^hannel  con<!itions. 
measarements  made  daring  1906  and  is  well' defined. 


It  is  bii.sed  i>n  S  discharge 
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88  SURFACE    WATER   SUPPLY,   1906. 

Monthly  discharge  of  Big  Lost  River  near  Chilly,  Idaho,  for  1906. 


Month. 


Discharge  in  8c«ond-feet.        | 


Maximum.   Minimum.  '    Mean. 


April  21-30. 

May 

June 

July 

.Vuguflt 


420 

235 

1,2«) 

345 

2.380 

530 

1,380 

395 

370 

235 

318 
770 
1,100 
885 
288 


Total  in 
acrc-fBei. 


6,310 
47.. TOO 
65.>*B 
54.40Q 
17,700 


The  period 

NoTK.— Values  are  rated  ns  excellent. 


192,000 


BIG    WOOD    RIVER    NEAR    SHOSHONE,  IDAHO. 

This  station  was  established  June  5,  1905,  and  was  discontinued 
December  31,  1906.  It  was  located  at  A.  D.  Silva's  ranch,  1  mile 
below  the  steel  wagon  bridge  and  7  miles  northwest  of  Shoshone, 
Idaho.  The  conditions  at  this  station  and  the  bench  marks  are 
described  in  Water-Supply  Paper  No.  178,  page  113,  where  are 
given  also  references  to  publications  that  contain  data  for  previous 
years. 

Discharge  measurements  of  Big  Wood  River  near  Shoshone,  Idaho,  in  1905-6. 


Date. 


1905.  , 

July  17 E.  C.  La  Rue  . 

190ti. 

.\pril9 do 

.\pril  13 do 


Tlydrographer. 


April  25. 
Mav5... 
May  IS.. 
Juno  8... 
Jniv  «... 
July  i:^.. 
July  2r».. 


.do. 
.do. 
.do. 
.do. 
.rio. 
.'lo. 
.do. 


Width. 

1 

Area  of 
section.  1 

height.   ; 
Feet.     ■ 

Dis- 
charge. 

1    Feci.    . 

Sq.ft.    1 

Sec.-ft. 

86  1 

112 

2.50 

63 

91 

297 

4.76  1 

767 

94  , 

409 

6.50  j 

1,M0 

•    92 

427  1 

6.02  ' 

1.510 

92 

350 

5.25  ' 

\,om 

89 

287 

4.63 

699 

89 

2fi2  , 

4.31 

552 

'          88 

-249 

4.18 

502 

88 

223  ' 

3.87  I 

404 

8#) 

122  ' 

2.70  ' 

91 

10. 

11. 

12. 
13. 
14. 
15. 
16. 


Daily  gage  height,  in  feet,  of  Big  Wood  River  near  Shoshone,  Idaho,  for  1906. 


Day.        1  Mar.    .\pr.    May.  June.l  July.  Aug. 


3.3 

2.5 

2.3 

2.2 

2.2 

2.3 

3. 2 

4.0 

4.6  1 

5.4 

5.7 

0.4 

6.4 

6.9  1 

8.0 

7.9 


5. 05 
5.1 
5.0 
5.1 
5.  25 
5.  2.-) 
5.  15 
5.0 
5.0 
5.0 
5.  a-j 
5. 05 
5.1 
5. 1 
5.2 
5.2 


4.3 

4.  15 

4.0 

4.0 

4.1 

4.4 

4.45 

4.35  I  4.2 

4. 2       4. 2 


3.9  I 

3.8  I 

4.0  1 
4.1 

4.2  I 

4.2  ' 

4.  15  I 


1.95  1 
1.75  I 


'  4.0 

I  4.0 

I  4.1 

!  4.9 

I  5.35 

I  5.  1 
4.95 


I  4.25 
'  4.05 
'  4.0 
I  3.9 

3.9 
I  4.0 

3.8 


I I' 


Day. 

Mar. 

Apr. 

1 
May. 

,  17 

7.45 

7.1 

0.9 

6.0 

5.8 

5.8 

6.0 

6.2 

6.1 

5.9 

5.7 

5.4 

5.16 

5.1 

4.95 
4.7 

IS 

1  19  . 

4.5 

'  20 

4.3 

1  21         .. 

4.25 

1  22                  . 

4.15 

23 .:: 

4  0    1 

'  24 

3.9    ! 

25 

3.8 

1  26.:::..:::. 

2.2 

2.35 

2. 35 

3.1 

3.4 

3.3 

3.75 

ii:::::::::: 

29 

4.05 
4.3    ' 

4.5    1 

30 :... 

\.\ 

June.l  July.    Aug. 


5.05 

4.85 

4.65 

4.55 

4.4 

4.3 

4.4 

4.2 

4.05 

3,75 

4.1 

4.2 

4.4 

4.15 


3.6 

3.4 

3.4 

3.2 

3.1 

2,9 

2.8 

3.0 

2.8 

2.75 

2.6 

2.4 

2,35 

2.2 

2.0 


Note.— The  river  was  dry  January  1  to  March  25  and  August  2  to  December  31. 
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Rating  table  for  Big  Wood  River  near  Shoshone  ^  Idaho,  for  1905-6. 


Gaee        Dis- 
taeight.    cbHige. 


Gace 


Dis- 


Feet. 
1.90 
2.00 
2.10 
2.20 

2.ao 

2.40 
2.50 
2.00 
2.70 
2.80 


Sec.'fL 
0 
9 
19 
29 
40 
51 
63 
76 
90 
106 


FeH. 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.80 


Sec.-ft 
124 
145 
170 
195 
220 
250 
280 
310 
340 
375 


Gage 

height. 

Feet. 
3.90 
4.00 
4-10 
4.20 
4.30 
4.40 
4.50 
4.60 
4.70 
4.80 


Dis- 
chaige. 

SCQ.-ft. 

410 
445 
480 
,  515 
;  550 
590 
635 

I      ri85 

735 

790 


Gage  '     Dis- 
height.    charge. 


Gage 
leight. 


heigl 


DIs-     ' 
change.  ' 


Feet. 
4.90 
5.00 
5.20 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 


Sec.-ft. 
845 
900 
1.010 
1,130 
1,230 
1,370 
1.490 
i;610 
1,740 


Feet. 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 


Sec.-ft. 
1,870 
2,010 
2.150 
2,300 
2,450 
2. 610 
2,780 
2.950 


Note.— The  above  table  is  applicable  for  open-channel  conditions.    It  is  based  on  10  discharge  meas- 
urements made  during  190.5-6  and  is  well  defined. 

Monthly  discharge  of  Big  Wood  River  near  Shoshone,  Idaho,  for  1905-6. 


June  5-30. 
July 


Month. 


1905.<» 


Discharge  in  second-feet. 
Maximum.   Minimum,  i     Mean. 


Total  in 
acre-feet. 


410 
115 


115  I 

.  o! 


260 
58 


13,400 
3,670 


The  period . 


17,000 


January 

February... 
March  ...i.. 

April 

May 

June 

July 

August 

September.. 

October 

November. 
December.. 


1906.b 


250 
2,950 
1,040 
1,100 

532 
4 


0 
29 
357 
357 
9 
0 


The  vear . 


0 
24 
1,240 
760 
604 
300 

o' 

0 
0 
0 


.13 


0 

0 

1,480 

73,500 

46,700 

35,900 

18.400 

8 

0 

0 

0 

0 


176,000 


o  Values  for  1905  are  rated  as  good. 

f>  Values  for  1906  are  rated  as  follows:  March  ami  August,  approximate;  April  to  June,  excellent; 
July.  good. 

Note.—  River  dry  July  28  to  December  31,  1905. 

SUCCOR    CREEK    NEAR    HOMEDALE,  FdAHO. 

This  station  was  established  March  19, 1903.  It  was  originally 
located  at  a  small  truss  bridge  built  to  carry  a  flume,  about  one-half 
mile  above  the  mouth  of  the  river.  The  station  was  moved  January 
31,  1905,  about  one-half  mile  upstream  to  a  location  1  mile  west  of 
Horaedale  and  about  17  miles  from  Caldwell,  the  nearest  railroad 
station.  It  is  near  the  Caldwell-Jordan  Valley  stage  road,  1  mile 
west  of  MussePs  ferry  on  Snake  River,  one-fourth  mile  below  the 
head  of  the  lowest  ditch  on  Succor  Creek,  and  about  three-fourths 
mile  above  the  mouth  of  the  creek.  The  conditions  at  the  station 
and  the  bench  marks  are  described  in  Water-Supply  Paper  Xo.  178, 
page  114,  where  are  given  also  references  to  publications  that  con- 
tain data  for  previous  years. 
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Discharge  measuremerUs  of  Succor  Creek  near  Homedale,  Idaho ^  in  1906. 


Date. 


Hydrograpber. 


T 


March  9 E.G.  La  Rue. 

March  10 do 

ApriI3 1 do 

June? do. 

July  3 ! do. 


I 


Width. 


Feet. 
35 
40 
45 
36 


AT«aof 

Gage 
height. 

Feet. 
3.58 

Dis- 

section. ' 

charge. 

S,J..    1 

Sec.-ft. 
126 

58 

3.90 

216 

71 

4.35 

370 

47 

3.50 

12.S 

.30 

2.10  , 

Daily  gage  height,  in  feet,  of  Succor  Creek  near  HomMale,  Idaho  ^  for  1906. 


Day. 


I    Jan. 


Feb.       Mar.       Apr. 


1 1.95 

2 1.95  ' 

3 1.95  1 

4 .' '  1.95 

5 I.ft5 

I  I 

6 1  1.95  • 

7 •  1.95  I 

8 ,  1.95  ' 

9 '  l.W 

10 ,  1.9:-) 

11 ". 2.0    I 

12 2.0    I 

13 2.3 

14 2.2 

15 2.3 

16 2.3 

17 2.3 

18 2.4 

19 3.75 

20 2.5 

21 2.5 

22 2.5 

23 2.65 

24 3.25 

25 3.3 

20 3.3 

27 2.0 

28 2.8 

29 2.7 

30 2.6 

31 2.a-. 


Note.— Creek  dry  June  .«  to  December  4,  IWHV 


2.6 
2.55  ' 
2.55  , 
2.6 
2.65 

2.65  I 
2.6 

2.6  I 

2.5.5  ' 

"l 

2.6    I 
2.55  I 
2.55  1 
2.6 
2.8    ■ 

3.4.5 
3.5 
3.4 
4.2 
3.25  1 

3.4 
3.25  ' 
3.0 
3.0    ' 
3.05  1 


3.25  , 
3.05  I 

3.05  . 
3.6 
3.25 

3.25 

3.25 

3.3 

3.5 

3.8 

3.4 
3.1 
3.1 
3.1 
3.1 

2.75 
2.7 

2.8 
2.8 

2.  a-) 

3.0 
3.95  , 
4.0 

4.6  I 
4.75  I 


2.95  4.2 

3.3  4.3 

4.1.')  I  4.0 

!  3.9 

'  4.2 

'  4.7 

1 


May.      June. 


Dec. 


4.6 
4.6 
4.2 
3.9    ' 
4.0 

4.3    i 

4.2 

4.4 

4.5 

4.3 

3.8 
3.5    I 
3.4 
3.5 
3.6 

3.8 
3.8 
3.7 
3.7 
3.6 

3.8 
3.8 
3.7    I 

3.7    I 
3.7    I 


3.5 

3.45 

3.35 

3.3 

3.3 

3.3 
3.3 
3.25 
3.2 
3.2 

3.1     I 
2.ft5  1 
2.9 
2.9 
2.85 

2.8    , 

3.2 

X05 

2.95 

3.0 

2.9 
2.8 
2.75 
2.7 

2.  as 

2.65 
2.6.-) 
2.55 
2.5 
2.45  ' 

2.4 

2.3 

2.7 

4-75 

4.2 

4.0 


3.95  , 

3.9     ! 

3.6    : 

3.6      

3.75  2.(» 


3.6 
3.5 

3.5    I 
3.45 
3.4    I 

3.2 

3.1 

3.0 

2.95 

2.9 

3.0 
2.9 
2.8 
2-7 
2.6 

2.45 
2.45 
2.45 
2.2 
2.15  I 

2.1     I 
2.45 
2.25  I 
2.1     ■ 
2.0 


2.1 

2-25 

2.3 

2.3 

2.3 

2.3 
2.3 
2,3 
2.3 
2.3 

2.3 
2.3 
2.3 
2.3 

2..vi 

2.," 
2.3 
2.3 
2.35 
2.4 

2.  a-, 
2.3 
2.45 
2.5 
2.45 
2.5 


Rating  table  for  Succor  Creek  near  Hoviedale,  Idaho,  for  1906. 


I   Gago        Dis- 
hoignt.    chargi». 


Feet. 
2.00 
2.10 
2.20 
2.30 
2.40 
2.  .50 


Sec.-ft. 
0.0 
.2 
3 
6 
9 
13 


Gape 
height. 

Feet. 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 


Dis- 
chargi\ 


18 
24 
31 
40 
.')0 
GO 


Gago 
height. 


Dis- 
charge. 


Gage 
height. 


Di.«»- 
charge.  , 


Gage   '     Diet-     i 
height,    chargi*.  , 


Sec.-ft.        Fret.      Src.-ft.        Frrt.      Sfc.-ft.  ,     Feet.    I  Sec.-/t. 


3.20 
3.30 
3.40 
3.  .50 
3.60 
3.70 


71 
83 
97 
114 
134 
1.57 


3.  SO 
3.90 
4.00 
4.10 
4.20 
4.30 


184 
214 
247 
281 
316 
352 


4.40 
4.50 
4.60 
4.70 
4.80 


389 
42G 
464 
502 
542 


Note.— The  above  table  is  applicable  only  for  open-channel  conditions, 
measurements  made  during  1900,  and  is  not  well  define<l  below  3.5  feet. 


It  is  based  on  5  discharge 
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Monthly  discharge  of  Succor  Creek  near  HomedaUj  Idaho,  for  1906. 


Month. 


Diachaige  In  seocnd-feet. 


Maximum.    Minimum.      Mean. 


January!. 
February. 
March.... 

April 

May 

June 


July. 

August 

September. . 

October 

November. . 
December... 


170 

316 

522 

4M 

522 

230 

0 

0 

0 

0 

0 

13 


0 
13 
24 
83 

« 

0 

0  , 

0 

0 

0 

0 

0 


20.7 
61.9 
158 
210 
71.2 
64.3 

0 

0 

0 

0 

0 

5.8 


Total  in 
acrfr-feet. 


1,270 

3,440 

9,720 

12,500 

4,380 

3,830 

0 

0 

0 

0 

0 

357 


The  year.. 


35,500 


NoTB.— Values  are  rated  as  follows:  January,  February,  May,  June,  and  Decemlier,  approximate; 
March  and  April,  good.    Flow  assumed  unaffected  by  ioe  during  winter  period. 

OWYHEE   RIVER   NEAR   OWYHEE,  OREO. 

This  station  was  established  August  27,  1903,  at  the  county  bridge 
1 5  miles  from  Owyhee,  Oreg.  Owyhee  ditch  takes  water  from  the 
river  about  6  miles  above.  The  conditions  at  the  station  and  the 
bench  marks  are  described  in  Water-Supply  Paper  No.  178,  page  116, 
where  are  given  also  references  to  publications  that  contain  data  for 
previous  years. 

Discharge  measurements  of  Owyhee  River  near  Owyhee,  Oreg.,  in  1906. 


Date. 


Hydrographer. 


Wldth.i 


March  8 ,  R.  8.  Hall 

March  31 do 

April  13 do 

April  27 ' do 

June  13 do 

November  29  a..    Stevens  and  McGlashan. 
I 


I  Feet. 
..  273 
.1   290 


286 
282 
120 


Area  of 

Gace     ! 
height. 

section. 

Sq.fU 

Feet. 

556 

3.58 

1,870 

&32 

1,720 

7.61 

1,470 

6.72 

940 

5.02 

192 

2.80 

DIs- 


Sec.-ft. 

760 
9.620 
7,780 
5.440 
2,290 

231 


a  Slush  Ice  running.     Right  channel  entirely  frozen. 


Dcdly  gage  height,  in  feet,  of  Owyhee  River  near  Owyhee,  Oreg.,  for  1906. 


Day. 


11. 
12. 
13. 
14- 
15. 


Jan.      Feb.     Mar.     Apr.     May. 


2.97 
2.97 
2.97 
2.97 
2.97 

3.02 
3.02 
3.02 
3w02 
3.02 

3.02  I 
3.22  , 
3.22  I 
.122 


I 


3.42       3.42  ; 
3. 37       3. 42 
3. 32  ,    3. 42  ; 
3.37 
3.37 

3.37 
3.37 
a37 
a37 
a37 


3.27 
a32 
3.27 
3.22 
3.22.    3.22 

8078— IBB  214—07 


3.42 

3.42 

3.42 

3.57 

3  90 

4.02 

4.10 

4.12 

4.12 

4  12 

4.12 

9.00 
8.97 
7.78 
7.24 
7.04 

7.02 
7.14 
a  12 
8.87 
9.00 

aeo  ! 
a22 

7.72  ' 
7.32  ; 
7.32  . 


5.90 
5.87 
5.82 
5.79 
5.77 

5.72 
5.67 
5.57 
5.47 
5.37 

5.27 
5.37  I 
5.27 
5.22 
5.17 


June. 
7.12 

July. 

2.02 

Sept. 
2  02 

Oct. 

Nov. 

Dec. 

2  37 

2.32 

2.75 

7.10 

3.87  1 

2.04 

2.02  i 

2.37 

2.32 

2  75 

6.52 

3.72  ' 

2.00 

2.02  , 

2.37 

2.32 

2.75 

6.42 

3.62 

1.97 

2.02 

2.37 

2.32 

2.75 

6.27 

3.67 

1.92 

2.02 

2.37 

2.32 

2.75 

6.02 

3.47 

1.92 

2.02 

2.37 

2.32 

2.75 

5.87 

3.32 

1.92 

2.02 

2  42 

2.34 

2.75 

5  74 

3.22 

1.92 

2.02 

2.37 

2.37 

2.75 

5.52 

3.22 

1.92 

2.02 

2.37 

2.40 

2.75 

5.67 

3.42 

1.92 

2.02 

2.37 

2.42 

2.75 

5.57 

2.97  ' 

1.92 

2.02  , 

2.30 

2.45 

2.75 

5.47 

2.97  , 

1.92 

2.02 

2.30 

2.47 

2.75 

5.37 

2.92  ' 

1.92 

2.04 

2.30 

2.52 

2.75 

5.27 

2.92  , 

1.92 

2.04 

2.30 

2.57 

2.75 

5.07 

2.90  1 

1.92 

2,02  . 

2.30 

2.60 

2.75 
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Daily  gage  height,  infect,  of  Owyhee  River  near  Owyhee,  Oreg.,/or  i906— Continued. 


Day. 

Jan. 

16 

3.22 

17 

3.22 

18 

a22 
3.  GO 
3.90 

3.42 

19 

20 

21 

22 

3.42 

23 

3.42 

24 

3.42 

25 

3.47 

26 

3.47 

27 

3.47 

28 

3.4/ 

29 

3.47 

30 

3.47 

31 

3.47 

3.22 
3.17 
2.92 
3.00 
3.07 

3.06 
3.17 
3.32 
3.37 
3.52 

3.42 
3.37 
3.37 


Mar. 

Apr. 

4.17 

7.42 

4.07 

7.57 

3.87 

7.42 

3.70 

7.32 

3.57 

7.27 

3.47 

6.87 

3.47 

6.82 

5.70 

6.72 

5.44 

6.52 

6.61 

6.62 

7.62 

6.52 

ao4 

6.47 

7.94 

6.42 

8.02 

6.32 

7.87 

6.12 

May.   June,  j  July 


I 


&12 
5.07  I 
5.02  I 
4.97  , 
4.92  { 

4.82  I 
4.67  • 
4.57  I 
4.42  ! 
4.27 


I 


4.92  ' 
4.77 
4.57  , 
4.47  ! 
4.47  : 

4.39  ' 
4.32  , 
4.17 
4.11  ' 
4.02 


I 


2.87 
2.87 
2.82 
2.82 
2.82 

2.80 
2.72 
2.62 
2.57 
2.47 


8.52  • 


4.22 
4.14 
4.12 
4.62 
6.62 
7.07 


a97  2.32 
3.92  ,  2.27 
3.87  i  2.22 
3.90  ;  2.17 
3.97  I  2.12 
2.07 


Aug.' 

Sept. 

1.92  1 

2.02 

1.92 

2.07 

1.97 

2.14 

1.97 

2.14 

1.97 

2.14 

1.97 

2.14 

1.97 

2.14 

1.97 

2.14 

1.97 

2.14 

2.02 

2.14 

2.02 

2.14 

2.02 

2.37 

2.02 

2.37 

2.02 

2.37 

2.02 

2.37 

2.02 

Oct.     Nov. 


Dec. 


2.30  2.64  2.75 

2.30  2.70  2.7.<i 

2.  aO  '  2. 72  2. 75 

2  30  2. 72  2.  T-S 

2.32'  2.72  2.7.5 


2.32  I  2.72 

2.32  2.72 

2.32  ;  2.72 

2.32  ;  2.72 

2.32  2.72 


Z75 
2.7.'i 
2.7.5 
2.7fi 
2.75 


2.32  2.72  !  2.75 

2.32  2.67  2.75 

2.32  267  2.i« 

2.32  2.75  i  2.S.5 

2.12  275  ■  2Jt5 

2.32    290 


Note.— There  was  probably  some  obstruction  from  ice  during  the  latter  part  of  November  and  Decem- 
ber.   No  correction  has  been  made  in  dischazge. 

Hating  table  for  Owyhee  River  near  Owyhee,  Oreg.,far  1906^ 


GaffP        Dis-    :    Gase  I     Dls-        Gaxe  |     Dis- 
heignt.   charge.  .  height,   chargp.  ,  height. .  charge.  <  helgl 


1.90 

Sec.-fL 
15   , 

Feet. 
2  90 

'"-& 

200 

25   1 

3.00 

350 

210 

35 

3.10 

410 

2  20 

50 

.120 

475 

2  30 

70 

aao 

m 

2  40 

95 

3.40 

610 

2  50 

125 

3.50 

680 

2  60 

160 

3.60 

755 

2  70 

200 

:j.70 

830 

2  80 

245 

3.K0 

910 

Feet. 
3.90 
4.00 
4.10 
4.20 
4.30 
4.40 
4.50 
4.60 
4.70 
4.80 


Scc.-ft. 
995 
1,060 
1,170 
1,270 
1.370  , 
1,480 
1.500 
1.710 
1.830 
1,960 


0««e 
height. 

Dis- 
charge. 

Gage 
height. 

Feet, 

Dls- 
chargf. 

Feet. 

Stc.-ft. 

Sec.-ft. 

4.90 

2.100 

6.80 

5.680 

5.00 

2,240 

7.00 

6,160 

5.20 

2,540 

7.20 

6,660 

5.40 

2860 

.      7.40 

7,180 

5.60 

3,210 

7.60 

7,700 

5.80 

3,580 

7.80 

8.240 

6.00 

3.960 

;      8.00 

8.780 

6.20 

4,360 

1      9.00 

11,570 

6.40 

4,780 

6.60 

5,220 

1 

Note.— This  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  discharge  ^leasu^^- 
ments  made  during  1905-6  and  is  well  defined. 

Monthly  discharge  of  Ounfhcc  River  near  Owyhee,  Oreg.,for  1906. 
[Drainage  aroH.  9,S80  square  miles.] 


Month. 


I        Di.Hcharge  In  second-feet. 
'  Maximum. '  Minimum.      Mean. 


Run-off. 


January 

February 

March 

April ' 

June I 

July I 

August I 

September 

October 

November 

December 

The  yenr 


995  , 

mry 

10,200 
ll.tiOO  ' 
6.340  , 
6,460 
1,060 


102 
222  I 

295 


333 

3ai  I 

624  : 

4,200  I 

1,190 

970 

32 

17 

27 

70 

75 

222 


ii.noo 


519 
533 
2700 
7.250 
2700 
2,640 
367 
21.5 
30.6 
7a  2 
152 


Toiai  in 
acre-feet. 

Sec.-ft.  per 
sq.  mile. 

0.052 

Depth  in 

31.900 

aori 

29,600 

.054 

.06 

166,000 

.272 

..tl 

432,000 

.733 

.K2 

166,000 

.270 

.;n 

157,000 

.257 

.30 

22,600 

.037 

.04 

1,320 

.0022 

.002 

2360 

.0040 

.004 

4,810 

.0079 

.01 

9,040 

.015 

.02 

14.000  1 

023 

.03 

17       1,210 


1,040.000  I 


.122 


1.97 


Note.— Values  are  rated  as  good. 
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BOIBB   RIYIfiB   NEAR  HIGHLAND,    IDAHO. 

This  station  was  established  on  July  27,  1905,  to  replace  the  Boise 
station.  It  is  located  2  miles  below  the  mouth  of  Moores  Creek,  3 
miles  southwest  of  Highland  post-office,  about  8  miles  above  the  old 
Boise  station,  and  15  miles  east  of  Boise,  the  nearest  railroad  point. 
The  conditions  and  the  bench  marks  are  described  in  Water-Supply 
Paper  No.  178,  page  121. 

Digtharge  meaxurenvenls  of  Boise  River  near  Highland^  Idaho,  in  1906. 


Date. 


March  3. 
April  4. . 
April  15. 
May  16. . 
June  6... 
June  29.. 
July  11 . . 
July  16. . 
July  20. . 
July  24. . 
July  27.. 


Hydrognptaer. 


L 


E.G.  La  Rue.. 

....do 

....do 

....do 

....do 

do 

do 

do 

do 

....do 

....do 


Area  of 

heigSt. 

Dis- 

fv  lain. 

section. 

chaigo. 

Feet. 

Sq.ft. 

Feet. 

Sec.-fl. 

180 

309 

3,85 

1,130 

220 

831 

6.38 

3,150 

233 

1,260 

&20 

5,630 

235 

1,520 

9.40 

7,260 

230 

1,340 

8.80 

6,390 

226 

1,160 

7.90 

5,040 

220 

844 

6.55 

3,090 

216 

660 

5.75 

2,360 

202 

650 

5.10 

1,750 

193 

442 

4.60 

i;480 

188 

368 

4.20 

1,310 

Daily  gage  height^  infeety  of  Boise  River  near  Highland,  Idaho,  for  1906. 


Day. 

Jan. 

3.3 

3.3 

3.25 

3.3 

3.4 

3.6 
3.4 
3.4 
3.4 
3.6 

3.6 
3.6 
3.6 
3.5 
3.6 

3.5 
3.5 
3.8 
3.7 
3.6 

3.6 
3.7 
3.6 
3.5 
3.6 

3.7 
3.6 
3.5 
3.6 
3.4 
3.4 

Feb. 

3.5 

3.45 

3.45 

3.6 

3.4 

3.45 

3.45 

3.5 

3.5 

3.5 

3.6 

3.6 

3.65 

3.7 

3.76 

3.9 

4.0 

4.1 

4.26 

4.2 

4.1 

4.2 

4.1 

3.95 

3.9 

3.9 

3.85 
4.15 

Mar. 

Apr. 

May. 

June. 

8.35 

8.2 

8.3 

8.6 

8.65 

8.85 
8.35 
8.35 

8  2 
8.25 

8.6 
9.5 
9.85 

9  15 
9.05 

8.95 

8.95 

8.55 

8.3 

8.16 

8.1 
8.0 
7.9 
7.7 

7.7 

7.8 
7.9 

a6 

7.9 
7.5 

July. 

7.25 
7.36 
7.6 
7.65 
7.4 

7.3 

7.2 

7.05 

&9 

6.7 

&56 
6.5 
6.3 
6.15 
5  9 

5.75 

5.6 

5.45 

5.3 

6.1 

4.95 

4.85 

4.95 

4.6 

4.45 

4.35 

4.2 

4.15 

4.05 

4.0 

3.95 

Au«. 

Sept. 

3.4 

3.4 

3.45 

3.35 

3.3 

3.3 

3.25 

3.25 

3.25 

3.25 

3  25 

3.25 

3.45 

3.5 

3.4 

3.35 
3  3 
33 
3.25 
3.25 

3.2 

3.15 

3.15 

3.15 

3.15 

3.15 
3.15 
3.15 
3.15 
3.16 

Oct. 

3.15 

3.1 

3.15 

3.25 

3.35 

3.35 

3.3 

3.2 

3.2 

3.15 

3  15 

3.2 

3.3 

3.25 

3.15 

3.25 

3.3 

3.35 

3.3 

3.3 

3  3 
3.3 
3.3 
3.3 
3.3 

3.3 

3.3 

3.35 

3.35 

3.35 

3.35 

Nov. 

1 

4.0 

3,86 

3.85 

3.86 

3.85 

3.8 
3.8 
4.0 
4.4 
4.6 

4.5 
4.4 
4.3 

4.1 
3.9 

3.6 
3.4 
3.5 
3.6 
3.8 

3.9 

4.0 

4.3 

4.65 

5.65 

6.2 

6.5 

&5 

6.65 

a  75 

7.25 

7.55 

6.9 

6.55 

6.4 

6.25 

6.8 

7.4 

7.96 

8.05 

83 

7.76 

7.6 

7.7 

7.76 

8.2 

8.6 
8  75 
8.8 
8.85 
8.9 

9.5 
9.9 
10.2 
9.75 
9.6 

a9 

8.75 
8.7 
8.9 
a96 

9.1 
9.2 
9.5 
9.9 
9.5 

9.35 
9.26 
9.45 
9.65 
9.95 

10.05 
10  3 
10.3 
10.15 
10.1 

9.5 

8.85 

a5 

8.35 
a35 

8  36 
8.26 
8  1 
8.16 

a2 

9.25 

9.05 

89 

8.85 

8.6 

&5 

3.9 
3.85 
3.8 
3.8 
3.7 

3.66 

3.66 

3.6 

3.66 

3.5 

3.45 

3.4 

3.6 

3.55 

3.5 

3.4 

3.4 

3.36 

3.25 

3.3 

3.3 

3.4 

3.65 

3.65 

3.6 

3.45 
3.45 
3.35 
3.45 
3.45 
3.4 

3.4 

2   

3.4 

3 

3.4 

4 

3.4 

5 

3.46 

6 

3.46 

7   

3.5 

8 

3.5 

9 

3.55 

10 

3.6 

11 

3.6 

12     

3.5 

13 

3.8 

14 

5  75 

15 

6.0 

16 

8  05 

17.::::..::.. 

5.5 

18 

4.6 

19 

3  95 

20 

3.0 

21 

4.0 

22 

4.0 

23 

3.8 

24 

3.7 

25 

3.7 

26 

3.65 

27 

3.65 

28 

3.65 

» 

3.56 

30 

3.5 

31 

NoTB.~Beooid  diacontinoed  for  the  winter  on  Deoember  1. 


Digitized  by 


Google 


94 


SURFACE   WATER   SUPPLY,   1906. 
Rating  table  for  Boise  River  near  Highlandy  Idaho^  for  1906. 


Oage 
height. 

Dte- 
abarge. 

1   Qage 
height. 

DiA- 

charge. 

Feet. 

See.-ft. 

Feet. 

Sec.-ft. 
1,240 

3.00 

6fl0 

,    4.00 

3.10 

600 

4.10 

1,280 

3.20 

650 

4.20 

1,310 

3.30 

700 

4.30 

1,350 

3.40 

750 

1    4.40 

1,390 

3.50 

810 

'    4.50 

1,430 

3.60 

880 

4.60 

1,470 

3.70 

960 

1    4.70 
'    4.80 

1,510 

3.80 

1,060 

1,560 

3.90 

1,160 

4.90 

1,620 

Oase 
height. 

Dis- 
charge. 

Feet. 
5.00 

^tSS'- 

5.10 

1,780 

5.20 

1,860 

5.30 

1.940 

5.40 

2,020 

5.50 

2,110 

5.60 

2,200 

IM 

2,300 

2.400 

5.90 

2,510 

'hSX. 

Dia- 
charge. 

1  Gage  I     Di8- 
height.|  change. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

6.00 

2,620 

8.00 

&,180 

1    6.20 

2.840 

8.20 

5,470 

6.40 

3,060 

8.40 

5,770 

6.60 

3,300 

8.60 

6.070 

6.80 

3,540 

8.80 

6,370 

7.00 

3,800 

9.00 

6.670 

7.20 

4,060 

10.00 

8,240 

1     7.40 

4,340 

,    7.60 

4,.fi20 

7.80 

4,900 

Note.— The  above  table  i»  applicable  only  for  open-channel  conditions.    It  is  based  on  15  distdiaige 
measurements  made  during  1905-6,  and  is  well  defined  between  gage  heights  3  feet  and  9  feet. 

Monthly  discharge  of  Boise  River  near  Highlandy  Idaho j  for  1906. 
[Drainage  area,  2,610  square  miles.] 


January 

February.., 

March 

April 

May 

June 

July 

August 

September. , 

October 

November., 


Month. 


The  period . 


Discharge  in  second-feet. 


Maximum.  |  Minimum. 


1,060 
1.330 
4,130 
8,560 
8.720 
8,000 
4,550 
1,160 
810 
725 
5,250 


675 

750 

750 

2,900 

5,320 

4,480 

1,200 

675 

625 

600 

750 


Mean. 


Run-ofl. 


Total  in    1 

acre-feet.  '  8ec-ft.  per    Dq>th  in 
I    sq.  mile.    .   inches. 


820  I 
1.020 
1,630 
5,630 
6,900 
8,780 
2,630 


1,220  I 


50,400  , 
56,800 
100,000 
335,000 
425.000 
344,000 
162.000 
51.600 
40.800  I 
42,000 
72,800 


0.314 

.391 

.624 

2.15 

2  64 

2.21 

1.00 

.321 

.262 

.261 


aai 

.41 

.72 

2.40 

3.04 

2.47 

1.15 

.37 

.29 

.30 

.52 


1,680,000 


Note.— Values  are  rated  as  excellent.    Flow  assumed  unaffected  by  ice  conditions  during  the  winter 
months 

SEEPAGE    INVESTIGATIONS    ON    BOISE   RIYEB. 

The  following  is  a  detailed  report  of  the  investigation  made  by 
E.  C.  La  Rue  during  October,  1906,  in  order  to  determine  the  amount 
of  seepage  water  returning  to  Boise  River  between  the  mouth  of  its 
canyon,  8  miles  above  Boise,  and  Caldwell  Canyon,  2}  miles  above 
Caldwell,  Idaho. 

The  distance  by  river  between  the  points  is  34  miles.  This  dis- 
tance was  covered  on  foot  and  by  following  the  river  bank,  and  the 
discharge  of  every  diversion  and  tributary  was  carefully  noted. 

The  gage  reading  at  the  Highland  station  on  Boise  River,  about  8 
miles  above  the  mouth  of  Boise  Canyon,  was  3.20  on  October  9,. 1906, 
which  corresponds  to  a  discharge  of  650  second-feet.  From  here  to 
Boise  Canyon  the  river  flows  through  a  narrow  rocky  canyon  and 
receives  no  tributaries.  Consequently  650  second-feet  is  the  discharge 
at  the  mouth  of  the  canyon,  just  above  the  New  York  canal  heading. 
On  October  12,  1906,  the  day  the  investigation  was  finished,  the  gage 
at  the  Highland  station  still  read  3.20.     Therefore  during  this  period 
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of  investigation  the  uniform  available  supply  of  the  river  above  all 
irrigation  was  650  second-feet. 

The  net  seepage  will  be  the  difference  between  the  discharge  of  the 
river  at  the  upper  point,  plus  all  tributaries  between  the  two  points 
of  measurement,  and  the  discharge  of  the  river  at  the  lower  point,  plus 
all  diverted  water  between  the  two  points  in  question. 

The  results  are  expressed  in  the  following  table: 

Dineharge  of  Boise  River  at  upper  paint,  plus  tributaries. 


Date. 


1906. 
October  9.. 


Stream. 


Locality  of  heading  or  plaw  of  moaminw      S*!^'?* 
ment.  *"  ^l 


BoiM  River. 


October  9 Waste  from  sloogbJ 

October  9 Waste    from    canals    and 

slou^s. 

Waste  from  Rossi  canal 

...-do 


October  10 
October  10 


October  10 do 


October  10 Waste 

October  10 , do 

October  10 1 do 

October  10 ! do 

October  11 do 

October  11 1  Willow  Creek  waste 

October  12 \  Waste      Middleton      MUl 

slough. 

Octoberl2 '  Waste 

October  12 ; do 


.\t  mouth  of  canyon,  above  New  York 

canal  heading. 

Between  Ninth  and  Broadway  Bridgi* 

Between   Broadwav    Bridge  and   Kiden- 

baugh  canal  heading. 

i  mile  below  Broadwav  Bridge 
ust  above  Oregon  Short  Line  Kailway 

bridge. 
Just  Ijelow  On>gon  Short  Line  Railway 

bridge. 

Below  Mill  slough  ditch  heading 

From  Lower  M Ul  slough  ditch 

Just  above  Phyllis  canal  heading 

From  Eureka  canal 

3  miles  below  Star  Bridge 

k  mile  below  Middleton 

At  Middleton 


Just  below  Farmers'  Union  ranal  hea4lng. 
Boise  City  sewer  difehaige 


I 


650 

.5 

2.8 

17.8 

:ki 

9K.6 
ia.0 

:to 

1.0 
3.0 
4.0 
21.1 
4.0 

2.0 
10.0 


Total. 


Discharge  of  Boise  Rix^er  at  lower  pointy  plus  all  diversions. 


Date. 


Stream. 


Locality  of  heading  or  place  of  measun^ 
I  mont. 


I 


190& 

October  9 New  York  canal 

October9 Rldenbaugh canal 

October  9 Rossi  canal 

October  9 Small  diversion 

October  9 Payne  ditch 

October  10 Davis  or  MIU  slough  ditch . 

October  10 Joplln  ditch 

October  10 ,  Eureka  canal 

October  10 '  Phyllis  canal 

October  11 t  Bd,8e  River 


October 
October 
October 
October 
October 
October 
October 
October 
October 


October 
October 


Caldwell  HighUne  canal . . . . 

Canyon  County  canal 

Small  diversion 

Middleton  Mill  ditch 

Middleton  Mill  slough  ditch. 
Pioneer  or  Stewart  ditch . . . 

Ballantyne  ditch 

Dry  Creek  ditch 

Farmers'  Union  and  Valley 
ditch. 

Boise  City  ditch 

Perrault  ditch 


Below  an  waste 

J  ust  below  wasteway 

Just  above  wastewtky 

i  mile  above  Rossi  heading 

At  heading 

Below  wasteway 

At  heading , 

Below  wasteway 

do : 

At  lower  point  of  measurpmont,  2i  niilt»8 
above  Caldwell. 

Below  all  waste 

Below  wastewav. 

3  miles  above  Star 

Below  wasteway 

do 


Below  all  waste . . 
Below  wasteway . 
do 


.  ...do 

At  penitentiary . 


Total. 


I 


"I 


DtMoharfn> 

in  aeoond- 

f<^t. 


95.5 

209.4 

2a'i.ft 

1.0 

1.0 

20.1 

4.0 

9.  a 

5K.n 

95. 1 

2f).7 
9.2 
1.0 

.'«.  0 
8.9 
0.0 
1.0 

10.8 

m.(j 

9.5 
9.4 
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Investigations  similar'  to  the  foregoing  were  made  during  1898, 
1901,  1902,  1903,  and  1905.  The  results  of  these  investigations, 
including  the  summary  for  1906,  are  given  below: 

Seepage  gains  in  Boise  River. 

1898,  August  24  to  September  2:  sec-ft.         See.-ft. 

Amount  taken  out  by  canals 1, 160. 0 

Amount  in  river  above  canals 734 

Amount  of  measured  return  water 197 

Total 931 

Amount  in  river  at  Caldwell  station 31 

Difference 900. 0 

Gain  by  seepage  in  34  miles 260. 0 

1901,  August  13  to  17: 

Discharge  Boise  River  above  New  York  canal  heading 821 . 0 

Discharge  Boise  River  at  Caldwell  Canyon 73. 3 

Amount  of  measured  return  water 131. 0 

Amount  taken  out  by  canals 1, 140. 1 

Gain  by  seepage  in  34  miles 261. 4 

1.213.4  1,213.4 

1902,  August  11  to  15: 

Discharge  Boise  River  at  upper  point 924. 5 

Discharge  Boise  River  at  lower  point 1.5 

Amount  of  measured  return  waters 174. 4 

Amount  taken  out  by  canals 1, 309. 0 

Gain  by  seepage  in  34  miles 21 1. 6 

1.310.5  1,310.5 

1903,  October  24  to  29: 

Discharge  of  Boise  River  at  upper  point 771. 6 

Discharge  of  Boise  River  at  lower  point 619. 4 

Amount  of  measured  return  waters 362. 6 

Amount  taken  out  by  canals 654. 4 

Gain  by  seepage  in  34  miles « 139. 6 

1,273.8    1,273.8 

1905,  October  2  to  7: 

Discharge  Boise  River  at  upper  point 602. 0 

Discharge  Boise  River  at  lower  point 106. 6 

Amount  of  measured  return  waters 82. 7 

Amount  taken  out  by  canals 601. 5 

Gain  by  seepage  in  34  miles 23. 4 

708. 1        708. 1 


a  Mistakes  were  found  in  calculation.    The  result  of  255.3  second-feet  gain,  as  published  in  Water- 
Supply  Paper  No.  100,  should  read  199.6  second-feet. 
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1906,  October  9  to  12:  S«c.-ft. 

DiBcharge  Boise  River  at  upper  point 

Difichaige  Boise  River  at  lower  point 95. 1 

Amount  of  measured  return  water 

Amount  taken  out  by  canals 777. 9 

Gain  by  seepage  in  34  miles 

873.0 


Sec.-ft. 
650.0 

218.9 

4.1 

873.0 


PAYETTE   RIVER   NEAR   HORSESHOE    BEND,  IDAHO. 

This  Station  was  established  February  13,  1906.  It  is  located  at 
a  point  known  as  Jerusalem,  5  miles  above  Horseshoe  Bend  post- 
office,  Idaho,  and  about  32  miles  from  Boise,  the  most  convenient 
railway  point. 

The  channel  is  straight  for  1,000  feet  above  and  below  the  station. 
The  water  is  comparatively  swift  during  all  stages.  Both  banks  are 
firm,  rather  steep,  and  not  liable  to  overflow.  The  bed  ,of  the 
stream  is  .strewn  with  small  smooth  bowlders,  and  is  permanent. 

Discharge  measurements  are  made  by  means  of  a  cable  and  car. 
The  initial  point  for  soundings  is  the  inner  face  of  the  pine  tree 
wliich  acts  as  the  right  cable  support. 

The  gage,  which  was  read  once  each  day  by  E.  R.  Sherard,  is 
incUned  and  is  located  on  the  right  bank  directly  under  the  cable. 
The  bench  mark  is  a  United  States  Geological  Survey  aluminum 
tablet  set  in  the  base  of  the  pine  tree  which  is  used  as  the  cable 
support  on  the  right  bank;  elevation,  12.53  feet  above  the  datum  of 
the  gage. 

Discharge  measureTnerUs  of  Payette  River  near  Horseshoe  Bend,  Idaho,  by  E.  C.  La  Rue, 

in  1906. 


Date. 


Mareh  24. 
April  6. . . 
April  16... 
IfayS.... 
May  15... 
June  27... 
July  10... 
July  19... 
August  2. 


Width. 

Area  Of 
aectlon. 

Oa«e 
heigit. 

Di8- 

chATge. 

Feet. 

Sq.ft. 

Feet. 

Sec.-ft. 

253 

476 

4.21 

1,250 

265 

811 

5.46 

3,100 

273 

1,060 

6.40 

5.030 

275 

1,200 
1.530 

6.97 
8.15 

6,600 

281 

9.620 

270 

1,110 

6.60 

5,510 

260 

878 

5.75 

3.630 

260 

65i^ 

4.95 

2,150 

252 

498 

4.30 

1,330 

Daily  gage  height,  in  feet,  of  Payette  River  near  Horseshoe  Bend,  Idaho,  in  2906. 


Day. 

Feb. 

Mar. 

Apr. 

May. 

June. 

1 

1 

4.1 

4,0 

4.0 

4.05 

4.0 

5.66 
5.55 
5.4 
5.45 
5.35 

6.5 
5.8 
6.0 
6.1 
6.5 

6.8 

6.8 

7.0 

7.16 

7.15 

7.1 

7.1 

7.05 

7.15 

7.4 

7.1 

2... 
3... 
4... 
5  .. 

6.75 
6.6 

6.8 
7.15 

e 

4.0 
4.0 
4.1 
4.2 
4.3 

7.1 

7 

6.9 

8     ; 

6.9 

9 ' 

6.8 

10 1 

6.7 

Aug.      Sept.       Oct.    ,  Nov. 


0.5 
6.35 
0.3 
6.25 
6.2    ' 

6.15 
6.05 
0.0 
5.95 
5.85  . 


4.35 

3.9 

3.8 

3.96 

4.3 

3.85 

3.8 

3.95 

4.3    , 

3.85 

3.8 

3.95 

4.25 

3.85 

3.75 

3.95 

4.25 

3.8 

3.75 

3.95 

4.2    1 

3.8    1 

3.75 

3.95 

4.2 

3.8    1 

3.75 

4.0 

4.15 

3.8    1 

3.75 

4.1 

4.15 

3.75  1 

3.75 

4.2 

4.1    . 

3. 75  i 

3.75 

4.25 
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Daily  gage  height  j  in  feet,  of  Payette  River,  near  Horseshoe  Bendy  Jdaho.in  190$ — Cont'd. 


Day. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

11 

4.35 
4.3 
4.2 
4.15 
4.1 

4.0 
4.0 
4.0 
4.0 
4.0 

4.1 

4.06 

4.1 

4.15 

4.55 

4.75 

4.9 

5.0 

5,05 

5.15 

5.25 

6.2 

6.1 

6.05 

6.0 

6.1 

6.4 
6.4 
6.5 
6.5 
6.56 

7.36 
7.35 
7.35 

7.06 
6.8 
6.65 
6.65 
6.75 

7.65 

8.0 

8.1 

8.1 

8.1 

8.0 
7.6 
7.25 
7.05 
6.9 

6.9 
6.8 
6.85 
6.85 
6.85 

6.95 

7.05 

7.5 

7.6 

7.2 

7.25 

6.66 
7.2 
7.25 

7.4 
7.6 

7.5 
7.6 
7.4 
7.2 
7.25 

7.1 

6.95 

6.95 

6.8 

6.66 

6.5 
6.5 
7.0 
6.9 
6.85 

5.7 

5.6 

5.45 

5.35 

5.3 

5.25 

5.1 

5.0 

4.95 

4.86 

4.8 

4.75 

4.7 

4.7 

4.65 

4.55 

4.5 

4.46 

4.45 

4.4 

4.36 

4.1 
4.15 
4.15 
•4.2 
4.15 

4.1 

4.0 

4.0 

4.05 

4.05 

4.0 
4.0 
4.0 
4.0 
4.0 

4.0 
4.0 
3.95 
3.95 
3.9 
3.9 

3.75 

3.8 

3.8 

3.9 

4.0 

4.0 
4.0 
3.95 
3.95 
3.9 

3.9 
3.85 
3.85 
3.85 
3.8 

3.8 
3.8 
3.8 
3.8 
3.8 

3.75 
3.75 
3.75 
3.8 

3.8 

3.8 

3.8 

3.8 

3.85 

3.85 

3.85 
3.85 
3.85 
3.85 
3.85 

3.85 
3.85 
3.9 
3.9 
3.9 
3.9 

4.5 

12 

5.0 

13 

3.9 
3.9 
4.0 

• 

4.05 

4.06 

4.06 

4.1 

4.15 

4.15 

4.2 

4.2 

4.1 

4.05 

4.0 
4.0 

4.1 

6.0 

14 

6.4 

15 

6.4 

16 

6.0 

17 

5-5 

18 

ao 

19 

5.5 

20 

5.2 

21 

5.0 

22 

4.9 

23 

A.f^ 

24 

4-7 

25 

4.7 

26 

4.65 

27 

4  6.> 

28 

4.6 

29 

4  6 

30 

4.6 

31 

(•) 

o  Record  discontinued  for  the  winter. 


Rating  table  for  Payette  River  near  Horseshoe  Bend,  Idaho,  for  1906. 


Gago 
hel^t. 

Dis- 
charge. 

hel^t. 

Di»- 
chaige. 

iSiSft. 

Di8-    1'  Gage 
charge.  |l  height. 

Dis- 
charge. 

Gage 
heigit. 

Dis- 
charge. 

Feet. 

'"it 

Feet. 

Sec-ft. 

Feet. 

Sec.-ft.    1    Feet. 
3,530    1     6.70 

Sec.-ft. 
5,760 

Feet. 

Sec.-fl. 

3.70 

4.70 

1,800 

6.70 

7.70 

8,430 

3.80 

850 

4.80 

1,040 

6.80 

3,720    1     6.80 

6,020 

7.80 

8,710 

3.90 

940 

4.90 

2,090 

5.90 

3,920    I     0.90 

6,280 

7.90 

8,990 

4.00 

1,030 

5.00 

2,250 

6.00 

4,120    1     7.00 

6,540 

aoo 

9,270 

4.10 

1,130 

5.10 

2,420 

6.10 

4,330    \\    7.10 
4,550    1     7.20 

6,800 

a  10 

9.5.50 

4.20 

1,230 

5.20 

2,590 

6.20 

7,070 

8.20 

9,830 

4.30 

1,330 

5.30 

2,770 

6.30 

4,780    1     7.30 

7,340 

4.40 

11440 

6.40 

2,960 

6.40 

6,020    ll    7.40 

7,610 

4.60 

1,650 

6.50 

3,160    1 

&60 

5,200    ll    7.60 

7,880 

4.60 

1,670 

5.60 

3,340    1 

6.60 

5,510         7.60 

8,150 

NoTK.— The  above  table  is  applicable  only  to  open-channel  conditions.    It  is  based  on  9  discharge 
measurements  made  during  19W  and  is  well  defined. 

Monthly  discharge  of  Payette  River  near  Horseshoe  Bend,  Idaho,  for  1906. 
[Drainage  area,  2,240  square  miles.] 


Month. 


February  13-28. 

March 

April 

May 

June 

July 

August 

September 

October 

November 


Discharge  in  second-feet. 


Maximum.   Minimum.      Mean. 


1,230 
2,680 
7,480 
9,550 
8,160 
6,260 
1,380 
1,030 
940 
5,020 


940 
1,030 
2.860 
6.020 
6,260  I 
1,380 
940  I 
805  I 
805  ' 
985  I 


1,090 
1,930 
4,960 
7,260 
6,500 
2,900 
1,120 
894 
859 
2,130 


The  period | I,7fi0,000  | 


Total  in 
acre-feet. 


34,700 

118,000 

205,000 

446,000 

390.000 

178.000 

69,200 

53.200 

52,800 

127,000 


Run-off. 


Sec.-ft.  per  |  Depth  in 
sq.  mile.       Inches. 


0.488 
.859 
2.21 
3.24 
2.92 
1.30 
.502 
.399 
.383 
.952 


0.29 

.99 

2.47 

3.74 

3.26 

1.50 

.56 

.44 

.44 

1.06 


Note.— Values  are  rated  as  follows:  February  to  August  and  November,  excellent;  September  and 
October,  good. 
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MAUIEUR   RIVER   AT   m'LAUOHLIN'S   BRIDGE,  NEAR  VALE,  OREO. 

This  station  was  established  December  10,  1904,  and  was  discon- 
tinued December  20,  1906.  It  is  located  at  the  new  county  bridge, 
known  as  McLaughlin's  bridge,  10  miles  above  Vale,  Oreg.  Tlie 
conditions  at  the  station  and  the  bench  marks  are  described  in 
Water-Supply  Paper  No.  178,  page  129,  where  are  given  also  refer- 
ences to  pubUcations  that  contain  data  for  previous  years. 

Diicharge  measurements  of  Malheur  River  at  McLaughlin's  bridge,  near  Vale,  Oreg.,  in 

1906. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

bSSTt. 

Dls- 
chaige. 

Vftmha    , 

R.  S.Hall 

Feet. 
81 
153 
45 

Sq.ft. 
131 
568 
120 

Feet. 
3.18 
&11 
1.71 

Sec.'fl. 
328 
2,680 
107 

April  26 

do.     ..                      ... 

November  28  a. . 

Stevens  and  M cGiaahan 

a  Channel  frosen  over  above  and  below  bridge. 

Daily  gage  height,  in  feet,  of  Malheur  River  at  McLaughlin  Bridge,  near  Vale,  Oreg., 

Jar  1906. 


Day.  Jan.      Feb.  |  Mar.     Apr.     May.    June.    July.     Aug.     Sept.     Oct.     Nov.    Dec. 


7. 
8.. 
9. 
10.. 


11.. 
12.. 
13.. 
14-. 
15.. 


16. 
17. 
18.. 
19. 
20. 

21.. 
22.. 
23.. 
24.. 
25.. 

26.. 

27., 
28.. 
29.. 
30.. 
31.. 


3.60 
3.60 
3.60 
3.60 
3.60 

3.60 
3.60 
3.60 
3.60 
3w60 

3.60 
3.60 
3.60 
3.60 
3.60 

3.60 
3.60 
3.60 
3.60 
3.60 

3.60 
3.60 
3.60 
3.60 
3.60 

3.60 
3.60 
3.60 
3.60 
3.60 
3.60 


3.62  3.55 

3.62  <  3.25 

3.62  3.20 

a  62  3. 15 

3.62  3.20 

3.62,  3.20 

3.62  I  3.30  ; 

3.62  3.80 

3.62  .  3.90  ; 

3.62  4.20  ; 


3.70 
3.70 
3.70 
a  70 
3.70 

3.70 
3.70 
3.70 
3.75 
4.24 

4.66 
4.80 
5.32 
4.82 
4.22 

3.40 
3.40 
3.38 


4.10 
3.63 
3.50 
3.35 
3.25 

3.25 
3.20 
3.15 
3.15 
3.15 

3.15 
3.25 
3.85 
5.15 
7.25 

7.38 
7.40 
7.40 
7.30 
8.04 
9.88 


10.06 
8.28 
7.85 
7.25  I 
7.80 

7.40 
7.70 
7.92 
8.06 
7.96 

7.40 
6.85 
6.10 
5.90 
5.05 

6.00 
6.15 
6.15 
5.80 
5.38 


4.25 
4.15 
4.10 
4.05 
4.00 

3.95 
3.95 
3.85 
3.75 
3.65 


4.00 
3.62 
3.65 
3.60 
3.60 

3.75 
3.70 
3.60 
3.58 
3.55 


5.44 

3.00 

5.44 

3.00 

5.38 

2.90 

5.30 

2.90  , 

5.22 

2.90  ! 

5.09 

2.85 

5.04 

2.85 

4.72 

3.90 

4.50 

4.10 

4.25 

4.70 

4.65 

3.60  3.55 

3.60  3.30 

3.65  ,  3.30 

3.60  I  3.25 

a55  I  3.20 

3. 52  '  3. 20 

3.50  ;  3.15 

3.45  3.00 

3.30  2.90 

3.15  2.85 


2.80 
2.75 
2.50 
2.50 
2.50 

2.50 
2.50 
2.50 
2.50 
2.50 


July. 

Aug. 

Sept. 

2.40 

1.35 

1.25 

2.30 

1.35 

1.30 

2.30 

1.30 

1.30 

2.25 

1.25 

1.40 

2.25 

1.20 

1.35 

2.25 

1.20 

1.40 

2.15 

1.15 

1.40 

2.15 

1.15 

1.45 

2.15 

1.16 

1.45 

1.90 

1.15 

1.45 

1.90 

1.00 

1.45 

1.90 

1.00 

1.50 

1.80 

1.00 

1.50 

1.75 

1.00 

1.55 

1.75 

1.00 

1.55 

1.65 

1.00 

1.56 

1.65 

1.00 

1.60 

1.60 

1.00 

1.60 

1.55 

1.05 

1.60 

1.52 

1.05 

1.65 

1.52 

1.10 

1.65 

1    1.42 

1.10 

1.62 

1.50 

1.15 

1.60 

1.42 

1.15 

1.60 

1.50 

1.15 

1.60 

1.42 

1.15 

1.60 

1.42 

1.20 

1.65 

1.42 

1.20 

1.65 

.1.40 

1.25 

1.65 

1.40 

1.25 

1.65 

1.40 

1.25 

1 

1 

1.65 
1.66 
1.70 
1.70 
1.70 

1.70 
1.70 
1.70  ; 
1.70  I 
1.70  , 

1.70  I 
1.70  I 
1.70 

1.65  , 
1.65 

1.66  I 
1.70  , 
1.70  i 
1.75  I 

1.76 
1.80 
1.80 
1.80 
1.80 

1.80 

1.80 

1.80 

1.80  i 

1.85 

1.90 


1.90 
1.90 
1.95 
1.95 
1.96 

1.95 
1.95 
1.95 
1.95 
1.95 

1.95 
1.95 
2.00 
2.00 
2.00 

2.00 
2.00 
2.00 
2.05 
2.10 

2.10 
2.10 
2.10 
2.10 
2.15 

2.15 
2.20 
2.20 
2.22 
2.30 


2.35 
2.36 
2.36 
2.35 
2.35 

2.4 
2.4 
2.4 
2.4 
2.3 

2.2 
2.2 
2.2 
2.2 
2.15 

2.15 
2.15 
2.15 
2.15 


NoTK.— The  following  ice  conditions  prevailed  during  1906:  River  frozen  over  January  1  to  Feb- 
ruary 22;  gaee  heights  are  to  the  top  of  ice.  On  February  22  an  ice  jam  formed  at  the  bridge;  this 
went  out  February  25.  November  13  to  18,  slush  ice  was  running  in  the  morning;  the  gage  neights 
were  taken  in  the  afternoon,  and  were  probably  not  affected.  November  19  there  was  ice  along  edges 
and  anchor  Ice  In  the  bottom;  this  ice  went  out  December  11.  December  14  to  19  Ice  formed  at  night, 
bat  went  out  in  the  daytime,  and  probably,  did  not  affect  gage  heights. 
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Rating  tables  for  Malheur  River  at  McLaughlin's  Bridge,  near  Vale,  Oreg. 

JANUARY  1  TO  MARCH  31,  lflOO.a 


3.00 
a  10 
3.20 
a30 
3.40 
3.50 
3.60 
a70 


,  ««^. 

Feet. 

aao 

320 

3.90 

376 

4.00 

430 

4.10 

400 

4.20 

550 

4.30 

615 

4.40 

685 

4.50 

825 
000 
975 
1,065 
1,135 
1,215 
1,205 


Feet. 
4.60 
4.70 
4.80 
4.90 
5.00 
5.10 
5.20 
5.30 


Tis?-; 

Feet. 
5.40 

Sec.-n. 

2,m 

FeH. 
6.40 

'     1,465 

5.50 

2,245 

6.60 

1,550    1 

5.60 

2,370 

6.80 

1,635    1 

5.70 

2,500 

7.00 

t    1,720 

5.80 

2,640 

&00 

1,810    ! 

5.00 

2,790 

9.00 

1,910 

6.00 

2,960 

10.00 

2,015 

6.20 

3,270    ; 

Sec-n. 
3,610 
3,970 
4,350 
4,750 
7,200 
10,200 
13,250 


APRIL  1  TO  DECEMBER  20,  1906.6 


1.00 

5 

li    1.90 

215 

2.80 

1.10 

20 

1    2.00 

260 

2.90 

1.20 

37 

,'    2.10 

290 

3.00 

1.30 

56 

,    2.20 

330 

3.10 

1    1.40 

77 

J    2.30 

375 

a20 

1    1.50 

100 

l|    2.40 

420 

a30 

1.60 

125 

.1    2.50 

470 

3.40 

1.70 

155 

2.60 

520 

3.50 

1.80 

185 

<     2.70 

1 

575 

3.60 

630 

3.70 

1,245 

5.20 

2,810 

600 

3.80 

1,325 

5.40 

3.000     . 

750 

a90 

1,410 

5.60 

3,380 

815 

4.00 

1,500 

5.80 

3,680 

880 

4.20 

1,690 

6l00 

4,000 

960    , 

4.40 

1,890 

7.00 

5,900 

1,020 

4.60 

2,090 

8.20 

8,150 

1,090 

4.80 

2,310 

9.30 

10,650 

1,165 

5.00 

2,550 

10.40 

13,250 

a  This  table  is  applicable  onlv  for  open-channel  conditionfl.  It  is  baaed  on  discharge  measurements 
made  daring  1905-^,  and  is  well  defined  below  gage  heights  5  feet.  The  table  has  lieen  extended  by 
siibtractinff  the  dischaiSB  of  Bully  Cxeek  for  April  1  from  the  dischaigs  at  Vale. 

ft  This  tabte  is  applicable  only  for  open-channel  conditions.  It  is  based  on  1  discharge  measumnent 
made  during  1900  and  on  the  form  of  the  preyious  curve,  and  is  not  well  defined. 

Monthly  discharge  of  Malheur  River  at  McLaughlin  Bridge^  near  Vale,  Oreg.,  for  1906. 
[Drainage  area,  4,150  square  miles.] 


Month. 


Dischaige  in  second-feet. 

I       ^ 
,  Maximum.   Minimum,  i    Mean. 

_l      ' . 


Run-ofT. 


Total  In 
acnvfeet. 


Sec.-ft.per 
sq.  mile,    l 


Depth  in 
inches. 


March 

April 

iiay 

June 

July 

August 

September 

October 

November  1-18.. 
Dwember  11-19. 


The  period . 


12.900 

348 

2,000 

123.000 

0.482 

13,400 

1,740 

5,100 

303,000 

1.23 

2,200 

660 

1,220 

75,000 

.294 

1.500 

,        470 

861 

50,600 

.205 

420 

77 

190 

11,700 

.046 

66 

5 

27.4 

1,680 

.0066 

140 

46 

106 

6,310 

.026 

215 

140 

165 

10.100 

.040 

250 

215 

236 

8.430 

.057 

330 

310 

319 

5,600 

.077 

1.37 
.34 
.23 
.Oi 
.01 
.03 
.05 
.04 
.03 


T 


611,000 


Note.— Values  are  rated  as  follows:  March  to  June,  fair;  July  to  December,  approximate. 
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MALHEUR   RITER  AT  TALE,  OREO. 

This  station  was  established  May  20,  1903,  at  the  steel  highway 
bridge  one-eighth  mile  southeast  of  Vale,  Oreg.,  where  a  station 
has  been  maintained  at  intervals  since  1890.  The  conditions  at 
the  station  and  the  bench  marks  are  described  in  Water-Supply 
Paper  No.  178,  page  126,  where  are  given  also  references  to  publica- 
tions that  contain  data  for  previous  years. 

Diteharge  vMostaremerUs  of  Malheur  River  at  Vale,  Oreg.,  in  1906. 


D«te. 


JanaAr7  29... 
FebniAry  15.. 
FebniAry  16. . 

Mareh2 

March  24 

March  26 

March  29 

Apxil9 

Aprt]24 

April  26 

May  4 

June  14 


Hydrographer. 


R.  8.  Hall . 

....do 

....do 

....do 

do 

....do 

....do 

do 

....do 

do 

do 

....do 


Width. 

Area  of 
nectlon. 

Feet. 

Sq.ft. 

1Q2 

175 

103 

174 

104 

185 

122 

230 

149 

509 

165 

966 

162 

1,010 

165 

1,220 

146 

792 

144 

746 

127 

474 

117 

292 

Dis- 
charge. 


Feet. 
4.45 
4.42 
4.49 
4.93 
6.83 
9.30 
9.54 
10.82 
7.58 
7.40 
6.12 
5.14 


Sec-ft. 

212 

197 

228 

432 

1,990 

5.300 

5.310 

7,190 

2,840 

2,670 

1,250 

591 


Daxly  gage  height,  in  feet,  of  Malheur  River  at  Vale,  Oreg.,  for  1906, 


Day. 

Jan. 

4.39 
4.16 
4.14 
4.40. 
4.48 

4.34 
4.49 
4.24 
4.16 
4.18 

4.19 
4.20 
4.20 
4.22 
4.28 

4.20 
4.38 
4.24 
4.25 
4.38 

4.54 

4.36 
4.36 
4.34 
4.33 

4. 65 
4.43 
4.46 
4.47 
4.42 
4.38 

Feb. 

M.r. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

1 

4.37 
4.36 
4.31 
4.30 
4.31 

4.66 
4.50 
4.32 
4.43 
4.27 

4.27 
4.28 
4.31 
4.36 
4.41 

4.49 
4.52 
4.52 
4.64 
4.80 

5.28 
5.23 
5.51 
6.21 
5.22 

4.90 
4.82 
4.90 

6.23 
4.95 
4.78 
4.75 
4.74 

4.84 
4.87 
5.36 
5.80 
6.10 

&35 
6.07 
5.56 
5.18 
5.34 

5.27 
4.68 
4.55 
4.55 
4.76 

4.76 
4.80 
5.09 
&98 
9.36 

9.4B 
9.53 
9.82 
a45 
10.28 
13.76 

14.34 
11.56 
9.82 
9.52 
9.50 

9.88 
10.51 
ia62 

laae 
ia54 

9.86 
&93 
8.62 
8.30 
8.44 

8.40 
8.62 
8.54 
8.23 
7.90 

7.82 
7.79 
7.75 
7.58 
7.47 

7.38 
7.22 
6.96 
6.60 
6.44 

6.36 
6.26 
6.20 
6.12 
6.02 

5.95 

5.89 
5.76 
5.64 
5.56 

5.51 
6.61 
5.62 
5.52 
5.40 

5.38 
6.32 
5.26 
6.16 
5.04 

4.96 
4.90 
4.83 
4.78 
4.72 

4.68 
4.64 
4.80 
6.1ft 
6.80 
&93 

6.36 
5.88 
5. 61 
5.50 
6.58 

5.88 
5.76 
5.85 
5.75 
5.57 

5.46 
5.38 
6.24 
5.18 
5.10 

5.04 
4.98 
4.87 
4.87 
4.75 

4.68 
4.60 
4.53 
4.44 
4.38 

4.38 
4.31 
4.27 
4.22 
4.32 

4.30 
4.26 
4.18 
4.14 

4.12 

4.10 
4.03 
3.96 
3.94 
3.90 

3.82 
3.76 
3.72 
3.66 
3.62 

3.55 
3.50 
3.50 
3.51 
3.49 

3.48 
3.34 
3.37 
3.20 
3.38 

3.34 
3.30 
3.50 
3..'i0 
3.50 
3.50 

3.44 
3.40 
3.40 
3.36 
3.33 

3.32 
3.29 
3.29 
3.28 
3.26 

3.26 
3.30 
3.25 
3.24 
3.25 

3.25 
3.25 
3.24 
3.21 
3.20 

3.20 
3.20 
3.18 
3.20 
3.22 

3.28 
3.30 
3.31 
3.34 
3.31 
3.39 

3.40 

2 

3.40 

3 

3.41 

4 

3.42 

5 

3.44 

6 

3.51 

7 

3.48 

8 

3.50 

9 

3.51 

10 

3.49 

11 

3.50 

J2 

3.51 

13 

3.50 

14 

3.50 

16 

3.54 

16 

3.58 

17 

3  58 

18 

3.59 

19 

3.64 

20 

3.63 

21 

.^.64 

22... 

3.66 

23 

3.64 

24 

3  64 

25 

3.M 

26 

3.63 

27 

3  66 

28 

3. 65 

29 

3.64 

30 

3.  <V> 

31 

Oct.      Nov.  !  Dec. 


3.68 
3.68 
3.71 
3.72 
3.73 

3.72 
3.74 
3.74 
3.73 
3.72 

3.73 
3.74 
3.74 
3.70 
3.72 

3.73 
3.74 
3.74 
3.75 
3.77 

3.77 
3.81 
3.88 
3.90 
3.92 

3.94 
3.91 
3.90 
3.90 
3.89 
3.90 


3.90 
3.92 
3.93 
3.94 
3.96 

3.99 
4.02 
4.02 
4.04 
4.08 

4.04 
4.04 
4.08 
4.03  . 

4.05 ; 

4.06 

4.06  I 
4.05  ; 
4.04 
4.11 

4.12 

4.07  I 
4.00 
3.92 

3.88 

3.92  I 
4.00  , 
4.16 
4.12 
4.03 


4.01 
4.01 
3.98 
3.96 
3.97 

3.96 
4.02 
4.12 
4-22 
4.21 

4.22 
4.21 
4.23 
4.22 
4.24 

4.20 
4.15 
4.17 
4.22 
4.20 

4.17 
4.24 
4.21 
4.22 
4.22 

4.22 
4.26 
4.48 
4.69 
4.58 
4.50 


Note.— River  frocen  two-thlrdi  actom  November  22. 
attained  a  maximum  thickneae  of  10  inches. 


Ice  conditions  until  December  20.    Ice 
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Rating  table  for  Malheur  River  at  Vale,  Oreg.jfar  1906. 


hds^t. 

DIs-     1 
change. 

Sec.-ft. 

*    1 

Ga«e 
heig&t. 

Di»-    1 
charge,  i 

Gage 
heigfat. 

DiB-      1 

charge.  ' 

Gage 

Feet. 
6.70 

Dis- 
charge. 

Gaee  1     Di»-    ' 
hei^t.   chaig^B. 

Feet. 
3.20 

Feet. 
4.40 

Sec^.  j 

Feet. 
6.50 

r^- 

Feet. 
8.80 

Sec-ft, 
4.330 

3.30 

9    1 

4.50 

235 

5.60 

880 

&80 

1,940 

9.00 

4,600 

3.40 

14    1 

4.60 

280    ' 

5.70 

965 

6.90 

2,045 

9.20 

4,870 

3.50 

21     1 

4.70 

326 

5.80 

1,030 

7.00 

2,150 

9.40 

6,150 

a60 

29    1 

4.80 

375    1 

6.90 

1,110 

7.20 

2,370 

9.60 

6,430 

3.70 

30 

4.90 

430    1 

6.00 

1,190    , 

7.40 

2596 

9.80 

5,710 

3.80 

52 

5.00 

490 

6.10 

1,275    1 

7.60 

2,825 

'  laoo 

6,000 

aoo 

67 

6.10 

550 

&20 

1,360 

7.80 

3,060 

11.00 

7,470 

4.00 

85 

5.20 

610 

6.30 

1,450 

&00 

3,300 

12.00 

8,970 

4.10 

105 

6.40 

1,645 

&20 

3,550 

13.00 

10.570 

4.20 

130 

5.30 

675 

6.50 

1,640 

&40 

3,810 

14.00 

12,220 

4.30 

160 

1 

5.40 

740 

6.60 

1,740 

8.60 

4,070 

J 

Note.— The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  12  disdiarge 
measurements  made  during  1906  and  in  well  defined  between  gage  heights  4.4  feet  and  11.0  feet. 

Monthly  discharge  of  Malheur  River  at  Vale^  Oreg.,far  1906, 
[Drainage  area,  4,860  square  miles.] 


Discharge  in  second-feet. 

Total  in 
acre-feet. 

Run-oil. 

Month. 

Maximum. 

302 

817 

10,200 

12,800 

2,080 

1,510 

160 

17 

35 

74 

120 

320 

Minimum. 

Mean. 

8ec-ft.per 
sq.  mile. 

Depth  in 
inches. 

January 

115 

151 

258 

1,580 

298 
136 
5 
4 
14 
37 
64 
78 

174 
311 
1,920 
4,650 
862 
689 
49.7 
8.6 
25.7 
50.5 
89.3 
138 

10,700 

17,300 

118,000 

271,000 

53,000 

35,000 

3,060 

529 

1,530 

3,110 

5.310 

8,480 

a036 
.064 
.385 
.936 
.177 
.121 
.010 
.0018 
.0053 
.010 
.018 
.028 

ao4 

February 

.07 

March 

.» 

April 

L04 

Mky 

.30 

June 

.14 

July 

.01 

August 

.002 

September 

.01 

October 

.01 

November 

-02 

.03 

The  year 

12,800 

4 

731 

.527.000 

.150 

2L1B 

Note. —Values  are  rated  as  follows:  January,  November,  and  December,  good:  February  to  Jane, 
exopllent;  July,  September,  and  October,  fair:  August,  approximate. 

MIDDLE    FORK   OF   MALHEUR   RIVER   AT   RIVERSIDE,  OREO. 

This  station  was  established  January  24,  1906,  and  was  discon^ 
tinned  December  31,  1906,  on  account  of  the  expense  of  mainte- 
nance. It  was  located  one-half  mile  above  Riverside  post-oflBce, 
and  200  feet  above  the  mouth  of  South  Fork. 

The  channel  is  straight;  the  banks  are  high  and  steep.  The  bed 
is  of  gravel  and  liable  to  change.     There  is  one  channel  at  all  stages. 

Discharge  measurements  were  made  from  a  cable. 

A  chain  gage,  which  was  read  by  J.  C.  Bloylock,  was  installed 
May  8,  1906;  length  of  chain,  15.12  feet.  Gage  heights  previous  to 
this  were  reduced  to  the  same  datum.  The  bench  mark  is  the  highest 
point  of  a  rock  on  the  left  bank  near  the  cable  supports,  marked 
B.  M. ;  elevation,  19.41  feet  above  the  gage  datum. 

The  following  measurement  was  made  May  9,  1906: 

Width,  86  feet;  area,  156  feet;  gage  height,  2.18  feet;  dischaige,  495  second-feet. 
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DaBfgage  hdghiy  in/eel,  of  Middle  Fork  of  Malheur  River  at  Rivenide,  Oreg.,/or  J906. 


BULLY  GREEK  ABOVE  VALE,  OREO. 

This  station  was  established  January  27, 1905.  It  is  near  the  loca- 
tion of  the  original  station  on  Bully  Creek,  one-fourth  mile  below 
Warm  Springs  stage  station,  15  miles  above  Vale,  Oreg.  To  replace 
the  former  bench  mark,  which  had  been  destroyed,  a  new  one  was 
estabUshed  May  6,  1906,  as  follows:  A  small  shoulder  cut  in  rock  on 
upper  side  of  road  6.2  feet  upstream  from  gage;  elevation,  6.82  feet 
above  gage  datum.  The  conditions  at  this  station  and  the  bench 
marks  are  described  in  Water-Supply  Paper  No.  178,  page  137,  where 
are  given  also  references  to  publications  that  contain  data  for  previous 
years. 

Diaeharge  meamrements  of  Bulhf  Creek  above  Vale,  Oreg.,  in  1906. 


Date. 

Hydrographer. 

Width. 

- 
Feet. 
13 

77 
78 
79 

I 

33 

Appa  of 
section. 

(Jago 
height. 

I)i8- 

chargo. 

Jsai»»;:::: 

R.  8.  Hall 

128 
176 
151 
172 
123 
115 
43 
35 

Feet. 
2.03 
3.U6 
4.60 
4.19 
4.58 
3.88 
3.70 
2.00 
1.70 

Sec-ft. 
7.8 

do 

579 

March  27 

...do 

1,100 

MaTdi28 

do 

826 

March  29. 

...do 

1,010 
704 

AprQlO 

do 

April  U 

do 

567 

Mays 

do 

52 

JooeUb 

...do 

20 
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Daily  gage  height,  in  feel,  qf  BuUy  Creek  above  Vale,  Oreg.,for  1906. 


Day. 


1.. 
2.. 
3. 

4.. 

5. 

fi. 
7.. 
8., 
9. 
10. 

II. 
12, 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
26. 

36. 
27. 
28. 
20. 

ao. 

31. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Joly. 

Au^jfept 

0«t 

Not. 

Dec 

2.18 

xu 

2.14 

5.00 

2.50 

2.18 

L46 

1.30 

1.30 

1.30 

1.30 

1.50 

2.18 

2.20 

2.14 

4.20 

2.40 

2.12 

1.50 

1.30 

1.30 

1.30 

1.30 

1.50 

2.16 

2.24 

2.16 

4.00 

2.30 

2.12 

1.50 

1.30 

1.30 

1.30 

1.30 

1.50 

2.15 

2.26 

2.18 

3.70 

2.20 

2.14 

1.50 

1.30 

1.30 

1.30 

1.30 

1.50 

2.12 

2.28 

2.20 

4.20 

2.00 

2.18 

1.50 

1.30 

1.30 

1.30 

1.30 

1.52 

2.12 

2.30 

2.20 

150 

2.00 

2.18 

1.50 

1.30 

1.30 

].30 

1.30 

1.52 

2.12 

2.26 

2.30 

4.30 

1.96 

2.18 

2.00 

1.30 

1.30 

1.30 

1.32 

1.52 

2.U 

2.20 

2.36 

4.00 

1.90 

2.10 

1.80 

1.30 

1.30 

1.30 

1.32 

1.54 

2.14 

2.10 

2.65 

4.30 

1.80 

2.00 

1.70 

1.30 

1.30 

1.30 

1.34 

1.54 

2.16 

2.08 

2.80 

3.80 

1.76 

1.90 

1.60 

1.30 

1.30 

L30 

1.34 

156 

2.16 

2.00 

2.60 

3.60 

2.10 

1.86 

1.52 

1.30 

1.30 

1.30 

1..% 

1.56 

2.16 

2.00 

2.  GO 

3.50 

2.18 

1.84 

1.50 

1.30 

1.30 

1.30 

1.40 

1.56 

2.16 

2.00 

2.60 

3.30 

2.18 

1.80 

1.44 

1.30 

1.30 

1.30 

1.44 

1.54 

2.16 

2.08 

2..'>8 

3.30 

2.10 

1.70 

1.40 

1.30 

1.30 

1.30 

1.46 

1.54 

2.14 

2.10 

2.54 

3.20 

2.00 

1.60 

1.40 

1.30 

1.30 

1.30 

1.46 

1.54 

2.14 

XIO 

2.40 

3.20 

2.00 

1.64 

1.40 

i.ao 

1.30 

1.30 

1.48 

i:M 

2.12 

2.10 

2.40 

3.10 

1.90 

1.70 

1.40 

1.30 

1.30 

1.30 

1.48 

2.12 

2.10 

2.40 

3.10 

1.90 

1.70 

1.40 

1.30 

1.30 

1.30 

1.48 

1.54 

2.10 

2.10 

zao 

3.00 

1.80 

1.70 

1.40 

1.30 

1.30 

1.30 

1.50 

1.54 

2.06 

2.10 

2.50 

3.00 

1.80 

1.68 

1.40 

1.30 

1.30 

1.30 

1.50 

1.54 

2.06 

2.10 

2.54 

3.00 

1.80 

1.68 

1.40 

1.30 

1.30 

1.30 

1.50 

1.56 

2.08 

2.10 

2.80 

3.00 

1.78 

1.66 

1.40 

1.30 

1.30 

1.30 

1.50 

1.56 

2.08 

2.10 

3.00 

2.80 

1.78 

1.64 

1.40 

1.30 

1.30 

1.30 

1.50 

1.56 

2.10 

2.10 

4.30 

2.80 

1.74 

1.64 

1.38 

1.30 

1.30 

1.30 

1.50 

1.56 

2.10 

2.10 

4.10 

.   2.80 

1.74 

1.60 

1.36 

1.30 

1.30 

1.30 

1.50 

1.56 

2.10 

2.10 

4.10 

2.60 

1.72 

1.60 

1.34 

1.30 

1.30 

1.30 

1.50 

1.56 

2.10 

2.12 

4.50 

2.60 

1.72 

1.58 

1.30 

1.30 

1.30 

1.30 

1.50 

1.56 

2.12 

2.10 

4.30 

2.60 

1.72 

1.58 

1.30 

1.30 

1.30 

1.30 

1.50 

1.56 

2.12 

4.30 

2.60 

1.80 

1.56 

1.30 

1.30 

1.30 

1.30 

1.50 

1.56 

2.14 

4.90 

2.50 

2.20 

1.50 

1.30 

1.30 

1.30- 

1.30 

1.50 

1.54 

2.16 

6.10 

2.20 

1.30 

1.30 

1-52 

Note.— C'reek  was  frozen  December  12  to  31;  discharges  not  corrected. 

Rating  tables  for  Bully  Creek  above  Vale,  Oreg, 
JANUARY  1  TO  MARCH  31, 190A.« 


he^t. 
Ftet. 

Dis- 
charge. 

1  Oaffe 
ibei^t. 

Dis- 
charge. 

hai^t. 
Feet, 

Dia- 
charge. 

Gace 
height. 

Feet. 

Dia- 
chaige. 

1   Gase 
1  height. 

1 
Feet. 

Dis- 
cbaige. 

8ec.-ft. 

Feet. 

'"t 

'"'^- 

ri^- 

1.60 

0.0 

2.40 

3.20 

4.00 

4.80 

1.70 

.3 

1    2.50 

56    1 

3.30 

274 

4.10 

680 

4.90 

1,275 

1.80 

2 

1    2.60 

74 

3.40 

313 

4.20 

745 

5.00 

1,300 

1.90 

6 

1    2.70 

96 

3.50 

355 

4.30 

815 

5.20 

1,540 

2.00 

11 

,    2.80 

120 

3.60 

400 

4.40 

885 

,    5.40 

1,750 

2.10 

17 

2.90 

146 

3.70 

450 

4.50 

960 

5.00 

1,980 

2.20 

24 

3.00 

174 

8.80 

505 

4.60 

1,035 

,    5.80 

2,230 

2.30 

32 

8.10 

206 

3.90 

560 

4.70 

1,115 

6.00 

2,500 

APRIL  1  TO  DECEMBER  31,  1906.» 


a  This  tabic  is  applicable  only  for  open-channel  conditions, 
made  during  1905-<}  and  is  not  well  denned. 

6  This  table  is  applicable  only  for  open-channel  conditions, 
made  during  1906  and  is  fairly  well  defined. 


It  is  based  on  dlachaige  i 
It  is  based  on  4  dlachaige  meaauvaments 
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Monthly  di$charge  of  Bully  Creek  above  VaU,  Oreg.,for  1906. 
[Dntinage  ana,  660  aqnare  mUes.] 


Month. 


January 

February... 

ICaidi 

April 

May 

June 

July 

August 

September. 

October 

November.. 
Deoomber. . . 


Th«  year. . 


Diachaige  in  second-foet. 


Maximum. 


32 

2,640 

1,400 

140 

77 

50 

3 

3 

3 

7 

10 


Minimum. 


15 
11 
20 
140 
21 
7 
3 
3 
3 
3 
3 
7 


2,640  I 


Mean. 


18.9 
10.2 
324 
173.0 
50.6 
33.7 
7.61 
3.0 
3.0 
3.0 
5.23 
8.M 


79.2 


Run-off. 


Total  In    — 


aore-feet. 


leo.-ft.par 
■q.  mlfe. 


1,160 
1,(^70 
19,900 
28,100 
8,110  I 
2,010  < 
468 
184 
179 
184 
311  , 
560 


0.029 


.728 

.078 

.052 

.012 

.0046 

.0046 

.0046 

.0080 

.014 


67,300 


.122 


Depth  in 


0.03 
.03 
.57 
.81 
.00 
.06 
.01 
.01 
.01 
.01 
.01 
.02 


1.66 


NoTR.— Values  are  rated  as  follows:  January  to  March  and  July  to  December,  approximate;  April 
to  June,  good. 

BULLY  CREEK  AT  YALE,  OREG. 

This  station  was  discontinued  as  a  permanent  gaging  station  on 
December  31,  1905.  The  conditions  and  the  bench  marks  are 
described  in  Water-Supply  Paper  No.  178,  page  140,  where  are  given 
also  references  to  publications  that  contain  data  for  previous  years. 

A  number  of  measurements  were  made  during  1906,  as  follows: 

Discharge  meanarements  of  Bully  Creek  at  Vale^  Oreg.,  in  1906, 


Date. 

Width. 

Area  of 
section. 

a3 

10 

^. 

Dis- 
chai^. 

Date. 

Width. 

Area  of 
aeotion. 

he^t. 

Dis- 
chaiiKe. 

January  29 

FebruMy  15 

Feet. 
16 
14 
14 

Feet. 
3.22 

aao 
a36 

8ec.-ft. 
&5 
11 
16 

March  24. 

November  28  a.. 

Feet. 
45 

5,.;j. 

Feet. 
5l62 

Sec.-ft. 

435 

3 

March  3. 

a  Estimated  at  low  water:  frozen. 
WILLOW   CBEEK   NEAR   MALHEUR,  OREO. 

This  station  was  established  November  4,  1904,  and  was  discon- 
tinued August  15,  1906.  It  is  located  at  Beer's  ranch,  about  5  miles 
from  Malheur,  on  the  road  to  Himtington,  Oreg.  The  conditions  at 
the  station  and  the  bench  marks  are  described  in  Water-Supply  Paper 
No.  178,  page  141,  where  are  given  also  references  to  pubUcations  that 
contain  data  for  previous  years. 

The  following  measurement  was  made  April  5,  1906: 

Width,  36  feet;  area,  79  square  feet;  gage  height,  4.75  feet;  discharge,  355  second- 
feet. 
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SXJBFACB   WATER   SUPPLY,  1906. 


Daily  gage  Height,  in  feet,  of  WUlaw  Creek  near  Malheur,  Oreg.,for  1906. 


Day. 

Mar. ,  Apr. 

1 

May. 

June. 

July. 

Aug. 

a2 

!       Day. 

Mar. 

Apr. 

Z9 
2.9 
2L7 
2.8 
27 
2.6 
2:6 
2.5 
2.5 
2.5 
2.5 
2.4 
2.3 

May. 

June. 

July.   Aug. 

1 

l«o 

1.9 
1.9 
L8 
1.5 

\.l 

L2 
L2 
L2 
L2 
LO 
LO 
1.0 
.9 
.9 
.9 

L9     1.0 
1.8  1  1.0 
1.8     1.0 
1.7    

1.7  ;    .7 

1.8  .7 

1.9  1    .7 
1. 9  1    .7 
1.9  1    .7 
1.3      .7 
1.  4  1    .65 

'    .65 

.65 

1.3  .    .8 

,  17 



a  8  '  1. 5 

.8     1.25 
.8  ,  1.0 
L3  i    .9 
1.4       .95 
1.4      .5 
1.8      .6 

1.8  .5 
L9       .5 

1.9  :    .8 
1.9       .9 

2 

4.0 

..    ,.'  is;  ;;;  ;  ; 

3             

a9 

'i2 

.2 
.2 
.2 

19 

4 

&0 

1  20 

a4  

5 

:;.:..'  &i 

I2I.:::::::::: 

.4    

6 

&i 

1  22 

.4     

7 

1    6il 

Ig    .        .... 

1.3 
3.8 
2L5 
2.5 
3.0 
3.0 
3.5 

.4    

8             

47 

.2  1    24 

.2  II  25 

.2      26 

9 

4.3 

10 

4.0 

11 

3.7 

1  27 

.4    

12 

1    3.3 

28 

L9 
1.9 
L9 

.9 
.8 
LO 

.3 

13 

...1    3.0 

'  .2      29 

.2      30 

31 

3 

14 

1    2.9 

15.. 

1    2l9 

L3 
L3 

.7 
.55 

1.9 

16 

;    2.9 

1 



Rating  table  for  Willow  Creek  near  Malheur,  Oreg:,for  1906. 


Feet. 

a20 
.30 
.40 
.50 
.60 
,  .70 
.80 
.90 

LOO 


Dis- 
charge. 


!    Di8- 
it  I  ebarge. 


Sec.-fi. 

1 
Feet. 

0 

LIO 

.5 

L20 

L2 

L30 

2.2 

L40 

3.6 

L50 

5iO 

L60 

7.0 

L70 

9.5 

L80 

12.5 

L90 

Sec.-ft. 
10 


Note. — The  above  table  is  applicable  only  for  open-cbanncl  conditions.    It  is  basod  on  discharge 
urements  made  during  1905-6  and  is  fairly  well  defined  below  gage  height  2  feet. 

Monthly  discharge  of  Willow  Creek  near  Malheur,  Oreg.,for  1906. 
[Drainage  area,  259  squaro  miles.] 


Month. 


Discharge  in  «econd-foet.        | 


I 


Run-oflT. 


Maximum.    Minimum.      Mean. 


Total  in 

acre-feet.     Sec.-ft.  per   IX>pth  in 
I    sq.  mile.       inches. 


March23-31 348  24  175  3,120 

April '  402      I  71  196        I  11.700 

liay 57  7  32:2    ,  1,980 

June 57      |  2.2  2&5'  1,580 

July 125  0  3.90  240 

Augustl-14 0  0  0  0 

The  period ' '  18,600 

Note.— Values  are  rated  as  good. 


a  676 

a23 

.757  , 

.S4 

.124  < 

.14 

.102 

.11 

.015  , 

.03 

0 

0 

WILLOW  CREEK  NEAR  DELL,  OREG.' 

This  station  was  established  May  12,  1904,  and  was  discontinued 
July  16,  1906,  on  account  of  unfavorable  conditions.  It  is  located  at 
a  bridge  at  Cole's  ranch  near  Dell,  Oreg.,  28  miles  above  Vale.  The 
conditions  at  the  station  and  the  bench  marks  are  described  in  Water- 
Supply  Paper  No.  178,  page  143,  where  are  given  also  references  to 
publications  that  contain  data  for  previous  years. 
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Dx9charge  measuremenU  of  WiUaw  Creek  near  DeU,  Oreg.,  in  1906, 


Date. 

Hydrograpber. 

Width. 

Area  Of 
aeotion. 

hei^. 

Dis- 
charge. 

MarehSa 

R.S.Hall 

Feet. 

8L7 

<i3 

62 

54 

173 
132 
01 

Fut. 
2.09 
&80 
&00 
4.53 
4.17 
3.11 

Sec.-ft. 
10 

Mareh27 

do 

371 

Maroh27 

do 

261 

March  28 

do 

176 

April  25 

do 

45  57 

46  24 

lOB 

June  15. 

do 

36 

o  Measured  by  wadiog* 
Daily  gage  heighl,  infect^  of  Willow  Creek  near  Dell,  Oreg.j/or  1906. 


Day. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

1        Dax. 
1  17 

Feb. 

Mar. 

Apr. 

46 
44 
44 
44 

46 
46 
44 

45 
45 
40 
42 
40 

a6 
a5 

May. 

ao 

26 
2  76 
26 
29 

ao 
a6 
a7 

40 
41 
40 
41 
40 

a4 

a7 

J  une. 

July. 

1 

2.2 
2.2 
2.3 
22 
2.1 
21 
22 
26 
28 
27 
25 
26 
24 
21 
24 
3.0 

a  76 

6,5 

Sl75 

5.9 

&4 

&1 

&0 

ai 
ao 

&9 
6.6 
5i4 
5.5 
&4 
&1 
4.6 

3.4 
3.4 
&2 

a3 
ai 
ao 

29 

ai 
ao 
a2 

40 
4.2 
42 
42 

ao 
ao 

a4 
a6 

40 
40 

a7 
a7 
a6. 
a5 
a6 
a6 
a7 
a5 
a4 
as 
a2 
a  15 

27 

27 

2  76 

25 

26 

26 

26 

25 

26 

25 

26 

26 

26 

25 

26 

ao 
ai 

29 

ai 
ao 

26 

ai 

5^8 
&6 
5.2 

a  15 

&6 

ao 

5i5 

as 

ai       2.5 

2 

18 

ao 
ao 
ao 

29 
29 
28 
26 
25 

25 

3.            .   .. 

19 

4 

20 

5 

21 

21 

216 

22 

22 

22 

21 

22 

21 

6 

'22::::::::::: 

7 

23 

8 

1  24 

9 

1  25. 

10 

• 

26 

ai   ' 

11 

27 

28 
28 
2  75 
28 

12 

28 

13 

29 

14 

30 



15       

31 

16 

Rating  table /or  WiUow  Creek  near  Dell,  Greg.,  for  1906. 


Gage 
height. 

Dis- 
charge. 

l^t. 

Dis-     1 
charge. 

Gafe 
height. 

Dis- 
charge. 

Qage 
height. 

Dis- 
charge. 

he@LV 

Dis- 
charge. 

Feet. 
210 

Sec.-ft. 

1 

'    Feet. 

1    290 

Feet. 
a  70 

'"t 

Feet. 
4  50 

5«.^. 

Feet. 
6.60 

.«.^. 

220 

9 

,  aoo 

37 

aso 

87 

460 

168 

6.80 

396 

230 

11 

a  10 

42 

a  90 

96 

4  70 

181 

600 

446 

2  40 

14 

a  20 

47 

400 

104 

4  80 

196 

a  20 

500 

250 

17 

1  a30 

53 

410 

113 

490 

210 

a  40 

560 

260 

20 

1  a  40 

59 

420 

123 

6  00 

226 

aoo 

620 

270 

24 

1  aso 

65 

430 

133    ' 

6.20 

260 

aso 

680 

280 

28 

1  a60 

1 

72 

4  40 

144    , 

6.40 

300 

Note.— The  above  table  Is  applicable  only  for  open-chaimel  conditions.    It  Is  based  on  6  discharge 
ineasurements  made  during  1906,  and  is  fairly  well  defined. 

Monthly  discharge  of  Willow  Creek  near  Dell,  Oreg.Jor  1906. 
[Drainage  area,  455  square  railes.] 


Total  in 
acre-feet. 

Run-off. 

Month. 

Maximum. 

9 
680 
665 
123 
104 
26 

Minimum,  j    Mean. 

Sec.-ft.  per 
sq.  mile. 

Depth  In 
Inches. 

February  21-28 

7 

7 

65 
20 
17 
17 

&12 

122 

279 
646 
520 
19.6 

129 
7,500 
16,600 
3,970 
3,090 
700 

0.018 
.2i>8 
.  fil3 
.142 
.114 
.Os.! 

0.01 

March 

.31 

April 

.rs 

Mky  :v::.    .::::: ::::::::::: 

.10 

June 

.13 

July  1-18 

.03 

The  period 

1 

32,000 

1 

NoTB.— Values  are  rated  as  fair. 
8078— IBB  214—07 
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POWDER   RIVER  AT  SALISBURY,  OREO.^ 

This  station  was  established  December  20,  1903.  It  is  located 
10  miles  above  Baker  City,  Oreg.,  and  one-fourth  mile  below  Salis- 
bury, a  station  on  the  Sumpter  Vallej''  Railway.  The  station  is 
above  all  important  diversions  and  above  the  point  where  the  river 
enters  the  valley  wliich  surroimds  Baker  City.  The  conditions  at 
this  station  and  the  bench  marks  are  described  in  Wat^r-Supply 
Paper  No.  178,  page  148,  where  are  given  also  references  to  publica- 
tions that  contain  data  for  previous  years. 

Discharge  meoMurenienU  of  Powder  River  at  Salishvryy  Oreg.,  in  1906, 


Date. 


March  9  a 

March  9a 

April  14 

April  23 

M:ayl4 

June  12 

November  30  * 


Hydrographer. 


Width. 


R.  8.  Hall 

....do 

....do 

....do 

....do 

....do 

Stevens  and  McQlashan . 


Feet. 
27 
24 
40 
43 
40 
41 
35 


Area  of 
aeotion. 

he@it. 

Sq./l. 

Feet, 

24 

2.25 

23 

2.28 

88 

3.80 

119 

4.55 

79 

3.60 

74 

3.42 

32 

•2.38 

Dis- 

chai;Be, 

Sec.'ft. 

45 

48 

368 

655 

321 

297 

2S 


a  Slush  loe  running. 

b  loe  measurement;  15  feet  of  open  channel. 

Daily  gage  height,  in  f eel,  of  Powder  River  at  Salisbury,  Oreg.,  for  1906. 


Day. 


7., 
8.. 
9. 
10. 

11. 
12.. 
13.. 
14.. 
15.. 

l«i., 
17.. 
18.. 
19.. 
20.. 

21.. 
22.. 
23.. 
24.. 
25.. 

26.. 
27.. 
28.. 
29.. 
30.. 
31.. 


Jan. 


Feb. 


2.1 

2.05 

2.1 

2.05 

2.05 

2.1 

2.a5 

2.1 

2.05 

2.1 

2.05 

2.15 

2.05 

2.15 

2.05 

2.15 

2.1 

2.2 

2.1 

2.2 

2.1 

2.2 

2.1 

2.2 

2.1 

2.2 

2.05 

2.25 

2.05 

2.25 

2.05 

2.3 

2.0 

2.35 

2.0 

2.35 

2.1 

2.35 

2.15 

2.4 

2.15 

2.45 

2.15 

2.45 

2.1 

2.45 

2.1 

2.4 

2.1 

2.25 

2.1 

2.2 

2.1 

2.1 

2.15 

2.15 

2.15 

2.1 

2.1 

Mar. 


2.15 
2.15 
2.15 
2.15 
2.15 

2.15 

2.15 

2.2 

2.2 

2.25 

2.15 

2.1 

2.1 

2.2 

2.25 

2.25 

2.2 

2.25 

2.35 

2.45 

2.4 
2.45 
2.45 
2.65 
3.0 

3.15 

3.5 

3.5 

3.6 

4.2 

4.55 


Apr. 


4.05 

4.2 

3.55 

3.65 

4.3 

4.95 
5  0 
4.5 
4.25 
4.1 

4.2 

3.95 

3.9 

4.05 

4.15 

4.25 
4.05 
4.15 
3.95 
4.05 

4.05 
4.7 
4.55 
4.45 
4.25 

4.1 

3.6 

3.55 

3.45 

3.95 


May. 


4.15 
4.05 
4.15 
4.25 
4.15 

3.75 
4.05 
4.05 
4.05  I 
3.85  I 


June.  I  July.     Aug.  I  Sept. 


3.7 
3.7    I 
3.65  ! 
3.55  I 
3.35  I 

3.4    I 
3. 15 
3.a5 
3.a5 
3.15 

3.15 
3.15 
3.15 
3.05 
3.05 

3.15 

3.1 

3.25 

3.15 

3.15 

3.25 


3.35 

3.25 

3.3 

3.4 

3.5 

3.5 
3.4 
3.4 
3.3 
3.4 

3.35 

3.45 

3.4 

3.35 

3.25 

3.35 
3.35 
3.25 
3.25 
3.05 

3.15 

3.1 

3.05 

2.95 

3.1 

3.15 
3.05 
2.95 
2.85 
2.7 


2.65 

2.0 

2.55 

2.05 

2.6 

1.85 

2.45 

1.86 

2.4 

1.8 

2.35 

1.9 

2.35 

1.85 

2.35 

1.9 

2.3 

1.85 

2.25 

1.8 

2.25 

1.85 

2.25 

1.85 

2.3 

1.75 

2.25 

1.7 

2.3 

1.75 

2.25 

1.7 

2.2 

1.65 

2.1 

1.65 

2.1 

1.65 

2.05 

1.75 

2.1 

1.8 

2.05 

1.75 

2.1 

1.85 

2.05 

1.85 

2.0 

1.75 

2.05 

1.75 

2.05 

1.7 

2.05 

1.8 

2.0 

1.75 

1.9 

1.75  ; 

1.9 

1.75 

1.8 

1.75 

1.75 

1.76 

1.75 

1.7 

1.75 

1.75 

1.8 

1.7 

1.8 
1.85  I 
1.75 
1.8    I 
1.76 

1.75 
1.75 
1.75 
1.75 
1.75 

1.7 

1.75 

1.76 

1.75 

1.7 

1.75 

1.75 

1.8 

1.8 

1.7 


I 


Oct. 


1.8 

1.76 

1.7 

1.75 

1.8 

1.76 

1.8 

1.8 

1.7 

1.75 

1.75 
1.75 
1.8 
1.75 
1.75 

1.86 

1.85 

1.8 

1.7 

1.8 

1.8 
1.8 
1.8 
1.9 
1.95 

1.95 

1.95 

1.9 

1.9 

1.85 

1.86 


Nov.     Dec. 


1.95  , 

2.0 

2.1 

2.15 

2.25 

2.25 

2.2 

2.3 

2.25 

2.2 

2.25 
2.35 
2.35 
2.25 
2.15 

2.06 
2.05 
2.05 
1.95 
2.10 

2.15 

2.25 

2.3 

2.4 

2.3 

2.3 
2  3 
225 
2.3 
2.4 


I 


2.5 
2.35 
2.35 
2.45 
2.45 

2.45 
2.5 
2.5 
2.43 
2.45 

2..vi 
2.45 

2,45 
2.55 
2.5 

2-65 
2.65 
2.65 
2.45 
2.3 

2  35 

2.45 

2.45 

2,5 

2.6 

2L65 
2.63 
2.55 
2.45 
2.45 
2.4 


Note.— The  river  was  frozen  January  1  to  about  February  24  and  November  19  to  December  31, 
The  gage  heights  of  this  stream  vary  somewhat  during  the  day  on  account  of  placer  mining  upstream. 

a  Formerly  known  as  Powder  River  near  Baker  City. 
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RatiTig  i4dflesfor  Powder  River  at  SalUburyf  Oreg. 
OPEN-CHANNEL  CONDITIONS,  1006.a 


hei^. 

Dls- 
chaige. 

Gage 
height. 

Dia-     1 
chaige.  i 

Gage 
height. 

Dia- 
chaige. 

hei^. 

Dia- 
chaige. 

heic^t. 

Dis- 
chaige. 

Feet. 

8ec,^l. 

Feet. 

'"t 

Feel. 

8ec-ft. 

Feet. 

""# 

Feet. 

Sec.-fl. 

i.eo 

4 

2.20 

2.80 

120 

3.40 

4.00 

im 

1.70 

7 

2.30 

48 

2.90 

140 

3.fi0 

299 

4.20 

537 

1.80 

11 

2.40 

60 

3.00 

161 

3.60 

333 

4.40 

605 

1.90 

16 

2.50 

72 

3.10 

184 

3.70 

367 

4.00 

673 

2.00 

22 

2.60 

86 

3.20 

209 

3.80 

401 

4.80 

741 

2.10 

30 

2.70 

102 

3.30 

237 

3.90 

435 

5.00 

810 

o  Ttaia  tahle  ia  applicable  only  for  open-chaimel  conditions.    It  is  baaed  on  diachaige  meaaurementa 
made  diuing  1903-1900,  and  is  well  denned  between  gage  heighta  1.7  feet  knd  4.6  feet. 

ICE  CONDITIONS,  1906.* 


1.95 
XOO 

9 
11 

2.10 
2.20 

15' 
19    ' 

2.30 
2.40 

23 

27    1 

2.50 
2.60 

32 
37 

2.70 

42 

b  This  table  ia  applicable  only  for  loe  conditiona.    It  ia  baaed  on  3  diacharge  meaaurementa  made  at 
times  of  ice  obst ruction  during  1904-1906,  and  ia  not  well  defined. 

Monthly  discharge  of  Powder  River  at  Salisbury  ^  Oreg.y/or  1906, 
[Drainage  area,  275  square  miles.] 


Month. 


January 

February 

March 

April? 

M^y 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second-feet. 


Maximum.   Minimum.      Mean, 


17 

43 

656 

810 

554 

299 

94 

26 

13 

19 

54 

40 


810 


11 

13 

30 

283 

172 
102 
16 
5 
7 
7 
9 
23 


14.5 
23.1 

114 

513 

312 

'>oo. 
41.8 
11.1 
9.2 
11.6 
30.5 
31.7 


111 


Total  In 
acre-feet. 


802 

1,280 

7,010 

30,500 

19,200 

13,200 

2,570 

682 

547 

713 

1,810 

1,950 


80,400 


Run -off. 


Sec.-ft.pcr   Depth  in 
sq.  mile.       inches. 


0.053 
.OM 
.415 
1.87 
1.13 
.807 
.152 
.040 
.033 
.042 
.111 
.115 


.404 


0.06 
.09 
.48 
2.09 
1.30 
.90 
.18 
.05 
.04 
.06 
.12 
.13 


5.49 


Note.— Valoea  are  rated  as  follows:  January,  February,  November,  and  December,  fair;  March  to 
October,  good. 

GRANDE   RONDE   RIVER   AT  HILOARD,  OREO. 

This  station  was  established  November  6,  1903..  It  is  located  at 
the  county  highway  bridge  one-half  mile  below  the  Oregon  Railroad 
and  Navigation  Company  station  at  Hilgard,  Oreg.  It  is  just  below 
the  mouth  of  Five  Points  Creek,  which  is  the  first  important  trib- 
utary above  Grande  Ronde  Valley.  There  are  two  dams  about  20 
miles  upstream,  used  to  flood  the  river  during  the  log-driving  season. 
The  conditions  at  the  station  and  the  bench  marks  are  described  in 
Water-Supply  Paper  No.  178,  page  150,  where  are  given  also  refer- 
ences to  publications  that  contain  data  for  previous  years. 

Gage  heights  observed  during  1906  are  of  no  value  as  an  index  of 
discharge,  on  account  of  obstruction  and  backwater  from  log  jams. 
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Discharge  meoiurtmerUs  of  Grande  Ronde  River  at  Hilgardy  Oreg 

,  in  1906. 

Date. 

Hydrographer. 

^v"th.|4sj,s! 

heigSl 

Dls- 
diaige^ 

March  10 

R.  B.  Hall 

Feet. 
106.5 
102 

70 

70 

70 

378 
370 
242 
181 

Feet. 
5.18 
4.88 
«.74 
3.74 
3.02 

Sec'/t. 
745 

Aprils 

..do 

1,140 

May  16a 

do 

657 

June  22  .  ... 

...do 

238 

66 

a  Backwater  from  log  Jam.    b  ]oe  measuremeota. 
GRANDE   RONDE    RIVER   AT   ELGIN,  OREG. 

This  station  was  established  November  20,  1903.  It  is  located  at 
the  lower  end  of  the  Grande  Ronde  Valley  at  the  county  bridge  on 
the  road  from  Elgin  to  Wallowa,  Oreg.,  and  is  one-fourth  mile  east 
of  the  railroad  station.  The  conditions  at  this  station  and  the  bench 
marks  are  described  in  Water-Supply  Paper  No.  178,  page  153, 
where  are  given  also  references  to  publications  that  contain  data  for 
previous  years. 

Discharge  measurements  of  Grande  Ronde  River  at  Elgin^  Oreg.y  in  1906. 


Date. 

Hydrographer. 

Width. 

May  18 

June  29. 

R.  8.  Hall 

Feet. 
95 

do 

94 

Decern  Ix^r  10  o 

Stevens  and  McOlaahaii 

90 

Area  of 
section. 

Sq.ft. 
367 
334 
310 


Oase 
height. 

Dia- 
chai^es. 

feet. 
3.34 
2.93 
2.20 

Sec^~fU 
1,030 

666 

o  Narrow  strip  of  ice  on  each  bank. 
Daily  gage  height,  infect,  of  Grande  Ronde  River  at  Elgin,  Oreg.y  for  1906. 


Day. 


Jan.      Feb.     Mar.  |  Apr. 


1 

1  9 

2 

1.85 

3        

1.9 

4 

1.95 

6 

1.8.5 

6 

1.9 

7 

1.9 

8               

1.9 

9 

1.85 

10 

1.9 

11 

1.9 

12 

2.0 

13 

1.9 

14 

l.ft> 

15 

1.95 

16 

2.0 

17 

2.0 

18 

2.0 

19 

1.95 

20 

1.95 

21 

1.9 

22 

1.95 

23 

1.9.) 

24 

2.0 

25 

2.1 

26 

27 

2.2 

28 

2.1 

29 

2.0 

30     .     . 

2.0 

31 

1.95 

May.  ,  June. 


5.45 

4.2 

5.4 

4.2 

5.2 

4.2 

5.0 

.4.15 

4.8 

4.0 

1     4.7 

3.96 

4.75 

3.95 

4.9 

3.8 

.5.0 

3.75 

5.1 

3.7 

5.0 

3.75 

4.8.5 

3.7 

4.7 

3.7 

4.5 

3.6 

4.7 

3.6 

- 

2.05 

2.6 

4.5 

2.2 

2.5 

4.5 

2.65 

2.45 

4.5 

2.6 

2.45 

4.5 

2.85 

2.45 

4.5 

2.8 

2.4 

4.5 

2.8 

2.5 

4.7 

2  75 

2.8 

4.9 

2.a5 

3.8 

4.8 

2.65 

4.2 

4.  75 

2.6 

4.5 

4.6 

2.7 

4.8 

4.5 

2.65 

4.9 

4.3.5 

5.1 

4.1 

5.45 

3.6 
3.6 
3.45 
3.2 
3.15 


6.76 

6.75 

5.8 

6.75 

5.7 

5.6 

5.5 

6.45 

5.3 

6.1 

4.9 
4.3 
4.6 
4.3 
4.2 

4.2 
4.2 
4.05 
3.85 
3.75 


3.0 

3.6 

3.0 

3.6 

3.0 

3.3 

3.0 

3.25 

3.0 

3.2 

3.0 

3.1 

2.9 

3.0 

2.9 

3.1 

.3.3 

3.0 

4.i5 

2.9 

4.7 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

3.0 

1.65 

1.6 

1.7 

2.05 

2.6 

1.65 

1.5 

1.7 

1.85 

2.05 

2.6 

1.6 

1.6 

1.7 

1.86 

2.0 

2.6 

1.66 

1.5 

1.7 

1.9 

2.0 

2.6 

1.55 

1.5 

1.7 

2.0 

2.0 

2.5 

1.55 

1.5 

1.7 

2.0 

2.05 

2.45 

1.65 

1.7 

2.0 

2.1 

2.35 

1.66 

1.5 

1.7 

2.05 

2.2 

2.6 

1.5 

1.5 

1.7 

2.05 

2.2 

2.35 

1.6 

1.5 

1.7 

2.05 

2.25 

1.6 

1.5 

1.7 

2.3 

2.1 

1.65 

1.55 

1.7 

2.0 

1.6 

1.6 

1.76 

ids 

2.3 

2.0 

1.6 

1.65 

1.76 

2.3 

2.25 

1.9 

1.5 

1.7 

2.5 

2.1 

1.0 

1.5 

1.7 

1.75 

2L6 

2.1 

1.85 

1.6 

1.75 

1.8 

2.6 

1.85 

1.6 

1.8 

1.8 

2.5 

2.15 

1.8 

1.6 

1.8 

1.8 

2.85 

2.25 

1.6 

1.8 

1  75 

2.3 

2.7 

1.7 

1.5 

1.8 

1.8 

2.1 

.^1 

1.65 

1.5 

1.75 

1.8 

2.0 

3.1 

I.a5 

1.6 

1.75 

1.8 

2.2 

.^3 

1.65 

1.5 

1.7 

1.8 

2.1 

.T45 

1.65 

1.6 

1.7 

1.8 

2.1 

3.9 

1.6 

1.7 

1.8 

2.1 

4.3 

i.65 

1.6 

1.7 

2.1 

4.i 

1.65 

1.6 

1.7 

1.8 

2.1 

4.35 

1.6 

1.6 

1.75 

1.8 

1.6(5 

4.0 

1.6 

1.6 

1.75 

1.8 

2L0 

3.85 

1.6 

1.6 

1.8 

3.7 

NoTK.— There  was  some  ioe  obstruction  during  November  and  December. 
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Rating  table /or  Grande  Ronde  River  at  Elgin,  Greg.,  for  1906. 


QagB 

QasBd 

DlB- 

change. 

Oa«e 

Dis-  ; 

change. 

helS^t 

Dis- 
charge. 

Feet. 
460 

Dis- 
charge. 

3,020 

Feet. 
LSO 

Sec..^. 

Feet. 
220 

'"^- 

Feet. 
290 

Feet. 
3.60 

'U 

L60 

C7    1 

230 

305 

,    3L00 

710    ! 

3.70 

1.480 

480 

3,380 

L70 

92 

240 

350 

1    a  10 

790 

aso 

1,630 

5l00 

3,740 

1.80 

120    1 

250 

400 

1    a20 

880  ; 

Z.90 

1,790 

&20 

4,100 

L90 

150    1 

260 

455 

a30 

980 

4  00 

1,960 

5l40 

4,460 

2L00 

185 

270 

515 

I    &40 

1.090    1 
1,210 

4.20 

2,300 

5.60 

4,820 

2.10 

220 

280 

575 

1  a5o 

440 

2,660 

.&80 

5,200 

NoTK.— The  above  table  is  appli 
meaaaremeiits  made  diiriog  1904-1906  and  is  well  defined  below  gage  height  3.5  feet. 


only  for  qpen-chamiel  conditions.    It  is  based  on  dischaige 
"  '  liinec  '   '  ... . 


Monthly  discharge  of  Grande  Ronde  River  at  Elgin,  Oreg.,for  1906. 
[Drainage  area,  1,350  square  miles.] 


Month. 


January 

February 

March 

April 

May 

June 

July 

Aogust 

September 

October 

November 

December. 

The  year. 


Discharge  in  second-feet. 


Maximum.   Minimum. 


260 

135 

606 

150 

4,550 

350 

4,550 

2,130 

3,200 

640 

5,200 

040 

710 

67 

56 

45 

120 

45 

120 

92 

455 

128 

2,660 

185 

5,200 


Mean. 


Run-off. 


Totelin 

acro-feet.  '  Sec.-ft.  i 
I    sq.  mil 


172 

293 
1,230 
3,270 
1,440 
2,670 

220 
47.8 
78.4 

107 

235 

756 


877 


10,600 

16,300 

75,600 

195,000 

88.500 

159,000 

13,500 

2,940 

4,670 

6,580 

14,000 

46,500 


0.127 
.217 
.911 
2  42 
1.07 
1.98 
.163 
.035 
.058 
.079 
.174 
.560 


603,000 


.650 


Depth  in 
inches. 


0.15 
.23 
1.05 
2  70 
1.23 
2.21 
.19 
.04 
.06 
.00 
.19 
.65 


8.79 


Note. — Discharges  have  been  interpolated  for  days  when  the  gage  was  not  read.  November  and 
December  have  been  applied  as  for  open  channel.  Values  are  rated  as  follows:  January,  February, 
July,  and  October  to  Dumber,  fair;  Maic'  '    '  .       .  ^     .      , 


arch  to  June,  good;  August  and  September,  approximate. 


GRANDE    RONDE   RIVER   AT   ZINDEL,  WASH. 

This  station  was  established  June  30,  1904.  It  is  located  at  Zindel 
Ferry,  2  miles  above  the  mouth  of  the  river  and  li  miles  below  Joseph 
Creek.  The  conditions  at  the  station  and  the  bench  marks  are 
described  in  Water-Supply  Paper  No.  178,  page  155,  where  are  given 
also  references  to  publications  that  contain  data  for  previous  years. 

The  following  measurement  was  made  by  floats  December  22,  1906: 

Width,  224  feet;  area,  1,310  square  feet;  gage  height,  5.60  feet;  discharge,  8,400 
second-feet. 
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Daily  gage  height^  infeet^  of  Grande  Ronde  River  at  Zindel^  Wash. ,  for  1906. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

6.4 
6.0 
5.8 
5.5 
5.5 

5.7 
5.9 
5.9 
6.0 
5.9 

5.8 
5.2 
5.2 
5.1 
5.2 

5.3 
5.0 
5.3 
5.3 
5.3 

5.5 
6.0 
6.0 
6.0 
5.6 

5.6 
5.6 
5.4 
5.0 
5.1 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

2.1 
2.1 
2.1 
2.2 
2.2 

2.2 
2.2 
2.2 
2.2 
2.2 

2.2 
2.2 
2.2 
2.2 
2.2 

2.25 
2.25 
225 
225 
225 

225 
2  25 
225 
225 
225 

225 
23 
2  45 
245 
2  4 
24 

Nov. 

Dec. 

1         

2.2 
2.2 
2.2 
2.3 
2.3 

2.3 
2.3 
2.3 
2.3 
2.3 

2.3 

2.3 

2.35 

2.35 

2.2 

2.2 

2.25 

2.25 

2.3 

2.3 

2.3 
2.3 
2.4 
2.4 
2.5 

2.6 

2.55 

2.4 

2.4 

2.4 

2.4 

2.45 

23 

2.25 

2.3 

2.35 

2.35 

2.35 

2.3 

2.3 

2.25 

2.25 

2.3 

2.3 

2.3 

2.3 

2.5 
2.5 
2.8 
3.9 

a9 

3.55 

3.7 

3.8 

3.8 

3.6 

3.45 
3.7 
3.5 

3.5 
3.3 
3.3 
3.3 
3.5 

3.S 

a5 

3.5 
3.9 
4.2 

4.1 
3.9 
3.7 
3.2 
3.2 

3.2 
2.8 
3.0 
2.9 
2.9 

2.9 
3.1 
3.1 
3.4 
4.9 

5.2 
5.6 
5.7 
5.8 
5.8 
6.1 

5.1 
5.1 
5.0 
5.1 
5.0 

4.8 
4.7 
4.7 
4.7 
4.9 

5.1 
5.0 
4.8 
4.7 
4.5 

4.2 
4.2 
4.0 
4.0 
4.0 

4.0 
4,0 
3.9 
3.9 
3.9 

3.8 
3.8 
3.8 
4,1 
4.8 
5.6 

6.0 
5.8 
5.7 
5.9 
5.8 

5.8 
6.8 
5.7 
6.7 
5.5 

5.5 
5.7 
5.7 
5.2 
4,9 

5.2 
5.0 
4.8 
4.6 
4.4 

4.3 
4.2 
4,1 
4.0 
3.9 

3.9 
3.8 
3.8 
3.8 
3.8 

3.9 
3.9 
3.8 
3.8 

a8 

3.8 

3.8 

3.75 

3.6 

3.6 

3.6 
3.55 
3.5 
3.25 
3.0 

3.0 
3.0 
2.9 
2.8 
2.7 

2.7 

2.6 

2.65 

2.55 

2.4 

2.4 
2.4 
2.3 
2.3 
2.3 
2.2 

2.2 
2.2 
2.2 
2.2 
2.2 

2.2 
2.2 
2.2 
2.2 
2.2 

2.2 
2.2 
2.4 
2.2 
2.2 

2.2 
2.2 
2.2 
2.2 
2.2 

2.05 

2.0 

2.0 

2.2 

2.2 

2.2 
2.2 
2.2 
2.1 
2.1 
2.1 

2.1 
2.1 
2.1 
2.2 
2.2 

2.2 
2.2 
2.2 
2.2 
2.2 

2.1 
2.1 
2.2 
2.2 
2.2 

2.2 

2.1 

2.1 

2.15 

2.15 

2.15 
2.15 
2.15 
2.15 
2.1 

2.1 
2,1 
2.1 
2.1 
2.1 

235 
2  35 
23 
2  3 
23 

23 
26 
3.35 
3.3 

3.1 

3.0 

3.1 

3.4 

6.85 

6.85 

6.8 
5.1 
4.6 
4.1 
3.9 

3.9 
3.6 
3.5 
3.3 
3.3 

3.1 
3.1 
3.0 
3.0 
3,0 

3.0 

2 

3.0 

3         

3.0 

4 

3.0 

5 

3.0 

6      

29 

7 

29 

s      

3.0 

9      

3.1 

10       

3.2 

11      

3.2 

12 

3.4 

13      

3.4 

14 

3.1 

15      

3.1 

16 

3.1 

17 

3.0 

18 

3.0 

19 

3.1 

20 

3.3 

21 

5.65 

22           

5.6 

23 

5.1 

24 

5.1 

25 

49 

26 

5  8 

27 

5.9 

28 

5.7 

29 

5,4 

30 

5.3 

31 

5  0 

CATHERINE  GREEK  NEAR  UNION,  OREO. 

This  station  was  established  May  15,  1906.  It  is  located  in  the 
canyon  at  the  head  of  a  fertile  valley  6  miles  above  Union. 

Discharge  measurements  are  made  from  a  highway  bridge  just 
below  Robbins's  sawmill,  where  there  is  a  dam  that  affects  the  flow 
somewhat. 

The  gage  is  read  by  H.  D.  Drake,  who  is  paid  by  the  citizens  of 
Union.  It  is  a  vertical  staff  attached  to  the  downstream  side  of  the 
bridge.  The  bench  mark  is  the  head  of  a  spike  driven  into  the  top 
of  the  downstream  end  of  log-tying  at  the  end  of  the  bridge;  eleva- 
tion, 7.67  feet  above  the  datum  of  the  gage. 

Discharge  meas^iremmts  of  Catherine  Creek  near  Union j  Oreg.^  in  1906. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

68 
61 
51 

Gage 
height. 

Dis- 
charge. 

April  29 

Mav  15 

R.  S.  Hall 

Feft. 
38 
38 
37.5 
39 

FeeL 
3.20 
3.30 
3.10 
280 

See.-ft. 
335 

do 

375 

June  24 

do 

276 

December  la... 

Steveofl  and  McOlaahan 

54 

a  Channel  obstructed  by  anchor  ioe. 
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Daily  gage  height,  in  feel,  of  Catherine  Creek  near  Unions  Oreg.,/or  1906, 


Day, 

l£»y. 

June. 

July. 

Aug. 

Sopt. 

Oct. 

Nov. 

Dec. 

1           

3.5 
3.7 
3.8 
4.0 
3.9 

3.8 
3.7 
3.5 
3.5 

3.5 

• 

3.6 
3.6 
3.5 
3.4 
3.3 

3.3 
3.3 
3.3 
3.2 
3.1 

3.1 
3.1 
3.0 
3.0 
3.0 

3.0 
3.1 
3.0 
2.9 
2.8 

2.9 
2.8 
2.8 
2.8 
2.8 

2.7 
2.7 
2.7 
2.6 
2.6 

2.6 
2.5 
2.5 
2.5 
2.4 

2.4 
2.4 
2.4 

2.4 
2.3 

2.3 
2.3 
2.3 
2.3 
2.3 

2.3 
2.2 
2.2 
2.2 
2.2 
2.2 

2.1 
2.1 
2.1 
2.1 
2.1 

2.1 
2.1 
2.1 
2.1 
2.1 

2.1 
2.1 
2.1 
2.1 
2.1 

2.1 
2.1 
2.1 
2.1 
2.1 

2.1 
2.1 
2.1 
2.1 
2.1 

2.1 
2.1 
2,1 
2.1 
2.1 
2.1 

2.1 
2.1 
2.1 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.1 
2.1 
2.1 

2.1 
2.1 
2.1 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.1 
2.1 
2.1 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.1 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2,0 
2.0 
2.0 

2.1 
2.1 
2.0 
2.1 
2.0 
2.0 

2.0 
2.0 
2.1 
2.1 
2.2 

2.1 
2.2 
2.2 
2.2 
2.2 

'2.2 
2.2 
3.1 
3.6 
3.0 

2.7 
2.6 
2,5 
2.7 
2.5 

2.5 
2.4 
2.3 
2.2 
2.3 

2.5 
2.5 
2.4 
2.4 
2.4 

2.6 

2 

2.6 

3 

4 

5.                     

2.6 
2.8 
2  5 

6                      .          

2  3 

7 

2.3 

8 

9 



2.2 
2.2 

10 

2.2 

11 

2,3 

12     

2.3 

13 

2.2 

14 

2.2 

15 

3.3 

3.2 
3.1 
3.0 
3.0 
3.0 

3.0 
3.0 
3.0 
3.0 
3.0 

3.1 
3.1 
3.0 
3.2 
3.3 
3.4 

2,2 

16  

2.2 

17 

2,2 

18 

2.2 

19 

2.2 

20 

2.3 

21   

2.3 

22 

2.4 

23 

2.5 

24 

2.G 

25 

2.7 

26 

3.0 

27 

3.0 

28 

2.8 

29 

2.7 

30 

2.7 

.31 

2.6 

. 

NOTS.— Anchor  ioe  formed  in  the  hed  of  the  stream  about  December  10  and  remained  until  the  end  of 
the  year. 

WALLOWA    RIVER   AT  JOSEPH,  OREO. 

This  station  was  established  November  12,  1903.  It  is  located 
500  feet  below  the  outlet  of  Wallowa  Lake,  about  IJ  miles  above 
Joseph,  Oreg.  The  conditions  at  the  station  and  the  bench  marks 
are  described  in  Water-Supply  Paper  No.  178,  page  156,  where  are 
given  also  references  to  publications  that  contain  data  for  previous 
years. 

Discharge  meaturements  of  Wallowa  River  at  Joseph^  Oreg. ,  in  1906. 


Date.         j                           Ilydrographer. 

Width. 

Ari'a  of 
section. 

hei^t. 

Dis- 
charge. 

May  23 

June  27 

R.S.Han 

Feet. 
37.5 
37.5 
33 

75 
42 

Feet. 
2.1'Ji 
2.80 
2.20 

Sec.-ft. 

2<7 

do 

33«i 

December  7 

Stevens  and  MoGlasban 

128 
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114  SURFACE    WATER   SUPPLY,   1906. 

Daily  gage  height ,  in  feet  ^  of  Wallowa  River  at  Joseph^  Oreg.,for  1906. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

J 

1.0 
1.0 
1.0 
1.05 
1.05 

1.05 
1.05 
1.05 
1.05 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 

2.0 
1.05 
1.05 
1.05 
1.05 

1.05 
1.0 
1.06 
1.05 
1.05 

1.05 

l.t5 

1.05 

1.0 

1.0 

1.0 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.05 
1.0 

1.05 
1.05 
1.05 
1.05 
1.05 

1.05 

2.1 

2.1 



2.1 

2.1 

2.05 

2.0 

2.0 

2.0 

1.05 

2.0 

2.0 

2.0 

2.0 

"2.6* 
2.0 
2.0 

1.05 

1.05 

1.05 

1.0 

1.0 

1.05 

■"i.'os' 

1.05 
1.05 

1.05 
1.05 
1.05 
1.05 
1.05 
2.0 

2.0 
2.0 
1.05 
1.05 
1.05 

1.05 
1.05 
1.05 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 
2.1 

2.15 

2.2 

2.3 

2.8 

2.3 

2.36 
2.35 
2.4 
2.4 
2.4 

2.4 
2.4 
2.4 
2.45 
2.5 

2.2 

2.3 

2.35 

2.4 

2.45 

2.S 

2.5 

2.4 

2.35 

2.3 

2.3 
2.4 
2.4 
2.4 
2.4 

2.4 
2.4 
2.6 
2.7 
2.6 

2.7 

2.8 

2.65 

2.7 

2.7 

2.6 

2.6 

2.6 

2.65 

2.6 

2.6 

2.6 
2.6 
2.6 
2.6 
2.7 

2.65 

2.6 

2.65 

2.7 

2.7 

2.65 

2.55 

2.6 

2.5 

2.5 

2.6 
2.6 
2.7 
2.7 
2.7 

"zs" 

2.86 
2.85 
2.85 

2.8 

2.85 

2.0 

3.0 

3.0 

3.0 
3.0 
3.0 
3.1 
3.16 

3.15 
3.0 
3.0 
3.0 
3.0 

3.05 

2.06 

2.8 

2.8 

2.85 

2.85 
2.8 
2.75 
2.8 
2.8 

2.85 

2.0 

3.0 

2.05 

2.0 

2.0 

2.0 

2.0 

2.05 

2.0 

2.85 

2.8 

2.8 

2.75 

2.7 

2.6 

2.6 
2.5 
2.5 
2.5 
2.45 

2.4 
2.4 
2.35 

'2.3" 

2.3 

2.25 

2.2 

2.25 

2.2 

2.15 

2.1 

2.1 

2.1 

2.1 

2.1 

2.05 

2.0 

2.0 

2.0 

2.0 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.5 
2.6 
2.1 
2.1 

2.0 
2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2,0 

"io" 

1.0 

1.8 

1.85 

1.85 

1.8 

1.8 
1.0 
1.0 
1.0 
1.85 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.9 
1.0 
1.0 

1.0 
1.05 
1.05 
1.05 
1.05 

1.05 
1.05 
1.05 
1.05 
1.06 

1.0 

1.0 

1.05 

1.05 

1.0 

1.06 

1.05 

2.1 
2.05 

2.05 
2.1 
2.1 
2.1 
"2.1 

2.2 
2.3 
2.5 

2.6 
2.6 
2.7 
2.7 
2.65 

X65 

2.6 

2.6 

2.55 

2.55 

2.5 

2.45 

2.4 

2.4 

2.35 

'   2.3 

2 

2.3 

3 

*  3 

4 

2.3 

5 

2.2s 

6 

2.2 

7 

2.2 

8 

2.2 

9.                

2.2 

10 

2.2 

11 •... 

2.2 

12 

2.2 

13                   

2.2 

14 

2.2 

15 

2.2 

10 

2.2 

17 

2.2 

18 

2.15 

19 

2.1 

20 

2.1 

21 

2.2 

22 

2.2 

23 

2.2 

24.               

2.2 

25 

2.15 

26 

2.1 

27 

2.1 

28 

2. 15 

20 

2.2 

30 

31 

2.15 
2.15 

NoTB.— The  river  was  not  frozen  at  any  time  during  the  year. 

Rating  table  far  Wallowa  River  at  Joseph,  Oreg,,for  1906. 


Gage 
height. 

Di8-      ' 

charge.  , 

Gage 
height. 

Feet. 
2.10 
2.20 
2.30 

Dis- 
charge. 1 

Gage 
height. 

Feet. 
1.80 
1.90 
2.00 

35    1 
54    1 

Sec.-ft. 
77 
104 
135 

Feet. 
2.40 
2.50 
2.60 

Note.— The  above  table  Is  applicable  only  for  open-channel  conditions.    It  Is  based  on  dischaxge 
measurements  made  during  1905-6  and  Is  well  defined  between  gage  heights  2.0  l^t  and  2.75  feet. 

Monthly  discharge  of  Wallowa  River  at  Joseph,  Oreg.^for  1906. 
[Drainage  area,  47  square  miles.] 


Discharge  in  atcond-feet. 

Total  In 
acre-feet. 

Run-off. 

Month. 

Maximum. 

54 

77 

77 

170 

350 

377 

.%! 

434 

209 

44 

299 

135 

Minimum.  |    Mean. 

Sec.-ft.per 
sq.  mile. 

Depth  in 
inches. 

January 

3r)            405 

2.490 
2,230 
3,080 
4,870 
12,400 
16,600 
26.200 
12,800 
3,700 
2,340 
9.460 
6.330 

0.862 
.855 
1.07 
1.74 
4.28 
5.04 
0.06 
4.43 
1.32 
0.809 
3.38 
2.19 

aoo 

February 

35 

44 

104 
209 
324 
77 
26 
26 
44 
77 

40.2 
50.1 
81.9 

201 

279 

426 

208 
62.1 
38.0 

159 

103 

.89 

Marvh 

1.23 

April 

1.94 

May 

4.93 

June 

6.63 

July 

ia44 

August 

5.11 

September 

1.47 

Octolier 

.93 

Novemlier 

3.77 

December 

2.52 

The  year 

561 

2(1  1        141 

102,000 

2.99 

40l84 

Note.—  V'alues  are  rated  as  follows:  January  to  March,  Septemljer,  and  (>ctol>er,  fair;  remainder  of 
year,  good. 
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WALLOWA   RIVER   NEAR    WALLOWA,  OREO. 

This  station  was  established  November  14,  1903.  It  is  located 
at  the  county  bridge,  IJ  miles  below  Wallowa,  Oreg.,  and  one- 
fourth  mile  below  the  mouth  of  Bear  Creek.  A  small  irrigation 
ditch  takes  water  from  the  river  about  300  feet  above  the  bridge 
on  the  right  bank.  During  1906  the  gage  was  read  by  L.  S.  Johnson 
and  C.  C.  Roop.  The  conditions  at  this  station  and  the  bench 
marks  are  described  in  Water-Supply  Paper  No.  178,  page  159, 
where  are  given  also .  references  to  publications  that  contain  data 
for  previous  years. 

DUcharge  meagurements  of  Wallowa  River  near  WalUma^  Oreg.,  in  1906. 


Date. 


Hydrographer. 


MftyM... 

R  S,  WiMi 

Juno  3ft 

.      .do 

Decembers 

Stevens  and  MoOlaaban 

Width. 


Area  of       Gace  Dls- 

heigbt.     charge. 


Ftei, 

aq.fl. 

Feet. 

See.-ft. 

86 

166 

2.78 

7M 

85.5 

196 

3.11 

1,120 

84 

140 

2.22 

828 

Daily  gage  height^  in  feet,  of  WaUowa  River  near  Wallowa^  Oreg.,  for  1906. 


Day. 

'- 

Feb. 

Mar. 

Apr. 

2.7 
2.5 
2.5 

Vi 

2.5 
2.6 
2.6 
2.7 
2.7 

2.6 
2.5 
2.4 
2.4 
2.4 

2.6 
2.7 
2.7 
2.6 
2.7 

2.9 
3.1 
3.2 
3.0 
2.9 

2.7 
2.8 
2.8 
2.8 
2.8 

May. 

June. 

3.0 
3.1 
3.1 
3.3 
3.2 

3.1 
.3.0 
2.9 
2.9 
3.0 

3.3 

3.8 
3.7 
3.4 
3.4 

3.8 
3.5 
3.2 
3.2 
3.2 

3.2 
3.1 
3.2 
3.1 
3.1 

3.2 
3.4 
3.3 
3.0 
2.9 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

1.7 
1.8 
1.8 
1.76 
1.76 

1.8 
1.7 
1.7 
1.8 
1.8 

1.75 
1.76 
1.8 
1.8 
1.7 

1.75 
1.8 
1.8 
1.8 
1.8 

1.8 

1.8 
1.8 
1.8 
1.8 

1.8 

1.7 

1.76 

1.75 

1.75 

1.75 

1.75 

1.7 

1.7 

1.65 

1.7 

1.6 
1.8 
2.0 
2.2 
2.0 

2.1 
1.8 
1.9 
1.8 
1.8 

1.8 
1.8 
1.8 
2.0 
1.9 

2.0 
2.0 
2.0 
1.9 
1.9 

1.9 
1.9 
1.9 

1.9 
1.8 
1.9 
1.9 
1.9 

1.9 
1.9 
1.96 
2.0 
2.1 

2.0 
1.9 
1.8 
1.9 
1.9 

1.7 
1.7 
1.8 
1.9 
1.8 

1.9 
1.9 
2.0 
2.2 
2.4 

2.4 

2.6 
2.6 
2.6 
2.7 
2.7 

2.8 
2.9 
3.0 
3.3 
3.0 

3.0 
2.9 
2.9 
3.0 
3.2 

3.4 

3.5 
3.1 
3.1 
3.0 

2.8 
2.7 
2.6 
2.5 
2.6 

2.6 
2.8 
2.7 
2.7 
2.7 

2.9 
2.9 
2.9 
2.9 
3.0 
3.0 

3.0 
3.1 
3.2 
3.2 
3.3 

3.2 
3.2 
3.2 
3.1 
3.0 

2.8 
2.7 
2.7 
2.7 
2.6 

2.6 
2.5 
2.4 
2.4 
2.4 

2.4 
2.1 
2.1 
2.0 
2.0 

1.9 
1.9 
1.9 
1.9 

1.9 
1.9 
1.9 
1.9 
1.8 

1.8 
1.8 
1.8 
1.8 
1.7 

1.7 
1.8 
1.9 
1.9 
1.9 

1.8 
1.8 
1.8 
1.8 
1.8 

1.8 
1.8 
1.8 
1.8 
1.9 

1.8 
1.8 
1.8 
1.8 
1.9 
1.9 

1.9 
1.9 
1.9 
1.9 
1.8 

1.8 
1.8 
1.8 
1.9 
1.9 

1.9 
1.9 
1.8 
2.0 
2.0 

1.9 
1.9 
1.9 
1.9 
1.9 

1.8 

1.8 
1.8 
1.8 
1.8 

1.8 
1.8 
1.8 
1.8 





1.7 
1.7 
1.7 
1.7 
1.7 

1.7 
1.7 
1.7 
1.8 
1.8 

1.8 
1.8 
1.8 
1.8 
1.9 

1.9 
2.0 
1.9 
1.9 
1.9 

1.9 
1.9 
1.9 
1.9 
1.9 

1.9 
1.9 
2.1 
2.1 
2.0 
2.0 

2.0 
1.9 
2.0 
2.0 
2.1 

2.1 
2.1 
2.6 
2.6 
2.0 

2.7 
2.6 
3.5 
4.8 
4.7 

3.8 
3.3 
3.1 
2.9 
2.9 

2.8 
2.7 
2.6 
2.5 
2.5 

2.4 
2.3 
2.3 
2.3 
2,3 

2.2 

2 

2.2 

3 

2.1 

4 

2.1 

5 

2.1 

6 

2.1 

7 

2.1 

8 

2.2 

9 

2.2 

10 

2.1 

11 

2.2 

12 

2.2 

13 

2.2 

14.^ 

2.1 

15 

2.0 

16 

2.0 

17 : 

2.0 

18 

2.0 

19 

2.1 

20 

2.3 

21 

2.3 

22 

2.3 

23 

?3 

24 

2.3 

25 

?4 

26 

2.6 

27 

28 

2.5 
2.5 

29.   . 

2.5 

30 

2.4 

31 

2.3 
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SURFACE   WATER   SUPPLY,   1906. 


Rating  tables  for  Wallowa  River  near  WoUovm,  Oreg, 
JANUARY  1  TO  NOVEMBER  14,  IflOfi.* 


GaffB 
height. 


Feet. 
1.60 
1.60 
1.70 
1.80 
1.90 
2.00 


Dis- 
charge. 


Sec- ft. 
140 
170 
206 
245 
285 
330 


I     Dls- 
t. ,  charge. 


Feet. 
2.10 
2.20 
2.30 
2.40 
2.50 

zeo 


426 
476 


640 


Gage 
height. 


Feet. 
2.70 
2.80 
2.90 
3.00 
3.10 
3.20 


DiB- 
oharge. 


aec'ft. 
710 
790 
880 
980 
1,080 
1,180 


Gage 

Dis- 

Gage 
height. 

Dia- 

height. 

chaxge. 

charge. 

Feet. 
3.30 

tif- 

Feet. 
3.90 

Sec.-ft. 
1,990 

3.40 

1.400 

4.00 

2,070 

3.50 

1,510 

4.20 

2.310 

3.60 

1,620 

4.40 

2,570 

3.70 

1,730 

4.60 

2,830 

3.80 

1,840 

4.80 

3,10U 

a  This  table  Is  applicable  only  for  open-channel  conditions.    It  is  based  on  discharge  measurements 
made  during  1905-%,  and  is  well  defined  between  gage  heists  1.7  feet  and  3.1  feet. 

NOVEMBER  15  TO  DECEMBER  31,  1906.0 


1,330 
1,420 
1,520 
1,620 
1,730 
1,840 


1.50 

210 

2.10 

460 

I!    2.70 

830 

3.30 

1.00 

245 

2.20 

515 

'    2.80 

900 

3.40 

1.70 

285 

,    2.30 

570 

2.90 

980 

3.50 

1.80 

325 

'    2.40 

630 

3.00 

1,060 

3.60 

1.90 

365 

,    2.50 

690 

3.10 

1,150 

3.70 

2.00 

410 

2.60 

760 

3.20 

1,240 

3.80 

3.90 

1,950 

4.00 

2,070 

4.20 

2,310 

4.40 

2,570 

4.60 

2.830 

&  This  table  Is  applicable  only  for  open-channel  conditions.    It  is  based  on  one  discharge  nieaaurv^ 
moit  made  during  1906  and  the  form  of  previous  curves  and  is  not  well  defined. 

Monthly  discharge  of  Wallowa  River  near  WaUowa^  Oreg.,  for  1906. 
[Drainage  area,  510  square  miles.] 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Note. — Values  are  rated  as  good. 


Discharge  in  seoond-feet. 

Total  in 
acre-feet. 

Run-off 

Maximum. 

Minimum. 

Mean. 

Sec.-ft.  per 'Depth  In 
sq.  mile.    ,  inches. 

245 

205 

233 

14,300 

0.4R7 

0.53 

425 

170 

275 

15,300 

.539 

.5l> 

710 

205 

363 

22,300 

.712 

.82 

1,180 

525 

707 

42,100 

1.39 

1.55 

1.610 

580 

912 

56,100 

1.79 

2.06 

1,840 

880 

1,210 

72,000 

2.37 

2.64 

1,290 

285 

687 

42,200 

1.35 

1.56 

285 

205 

255 

15,700 

.500 

ass 

330 

225 

267 

15,900 

.524 

O.-W 

375 

205 

267 

16,400 

.524 

atio 

3,100 

285 

8n 

52,200 

1.72 

1.92 

760 

410 

530 

32,600 

1.04 

1.20 

3,100 

170 

549 

397,000 

1.08              14.60 

WALLOWA   RIVER    NEAR   ELGIN,  OREO. 

This  station  was  established  November  18,  1903.  It  is  located  at 
the  county  highway  bridge  just  below  the  mouth  of  Minam  River, 
12  miles  from  Elgin,  Oreg.  The  station  is  in  Wallowa  Canyon 
about  9  miles  below  the  lower  end  of  Wallowa  Valley.  The  gage 
was  read  during  1906  by  Tillie  Ransom.  The  conditions  at  this 
station  and  the  bench  marks  are  described  in  Water-Supply  Paper 
No.  178,  page  161,  where  are  given  also  references  to  publications 
that  contain  data  for  previous  years. 

Discharge  measurements  of  Wallowa  River  near  Elginy  Oreg.,  %n  1906. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Oaoe 
height. 

Dis- 
charge. 

May  21 

R.  S.  Hall 

Feet.  '    Sq.ft. 
194  >           4ft7 

Feet. 
3.60 
4.14 
2.90 

Sec.-ft. 
1.580 
2,480 
777 

J\me28 

..  ..do 

199 
135 

570 
264 

December  9 

Stevens  and  McGlashan 
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DaUy  gage  height,  in  feet,  of  WaUowa  River  near  Elgin,  Oreg.,for  1906. 


Day. 


1. 
2. 
3. 
4. 
5. 

6. 
7, 
8. 
9. 
10. 

U. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21, 
22. 
23. 
24. 
25. 

28. 
27. 
28. 
29. 
30. 
31. 


Jan. 


Feb. 


2.25  2.25 

2.3  X3 

2.3  2.3 

2.25  2.3 

2.2  2.25 

2.2    '  X25 


2.2 
2.2 
2.3 
2.3 

2.3 

2.35 

2.25 

2.2 

2.2 

2.2 
2.2 
2.2 
2.2 
2.3 

2.2 
22 
22 
23 
23 

23 

225 

23 

23 

23 

225 


225 
22 
22 
225 

23 
23 
23 
24 
24 

235 

236 

24 

27 

27 

28 
28 
27 
27 
27 

27 
27 
28 


26 
25 
25 
25 
25 

25 

255 

266 

28 

29 

28 

266 

245 

25 

255 

265 

26 

23 

245 

245 

25 
26 
26 
20 
3.4 

3.4 
3.7 
3.4 

3.5 
3.66 
3.75 


Apr. 


28 
26 
3.8 
3.8 
3.3 

3.3 

a6 

3.5 
3.4 
3.3 

3.3 
3.3 
3.3 
3.3 
3.3 

3.3 
3.4 
3.4 
3.5 
3.6 


May. 


June. 


3.6 


3.8      3.6 
3.8  I    3.75 


3.8 
4.2 
4.2 

4.0 
3.8 

3.6 


3.65 

3.6 

3.65 

3.95 

3.9 

3.8 

3.85 

40 

405 


4.0 

4.0 

4.15 

4.5 

43 

4.1 
40 
3.9 
3.0 
4.0 

4.38 

4.75 

4.6 

4.4 

4.4 

4.8 
47 
44 
42 
415 


July. 


3.0 
40 
40 
41 
41 

4.0 
4.0 
40 
3.8 
3.7 

3.6 
3.6 
3.4 
3.3 
3.3 

3.2 
3.1' 
3.1 
3.0 
205 


Aug. 


25 

26 

245 

245 

245 

245 

24 

235 

235 

235 

235 
235 
235 
235 
235 

235 
235 
235 
23 
2  3 


Sept. 


23 
23 
23 
23 
23 

23 
23 
23 
23 
23 

23 
23 
24 
2  4 
2  4 

235 
235 
235 
235 
235 


Oct.     Not.    Dec, 


225  I  245 

225  i  24 

I  24 

•  245 

25 


4.25 

20 

23 

23 

41 

.285 

23 

23 

3.0 

28 

23 

23 

3.0 

24 

23 

4.0 

2  7 

235 

23 

4.1 

26 

235 

23 

4.4 

265 

23 

23 

44 

256 

23 

23 

3.0 

256 

23 

23 

3.8 

2  56 

23 

225 

2  5 

23 

225 

245 

225 

266 

225 

3.3 

2  25 

3.1 

2  25 

3.1 

225 

3.2 

23 

3.1 

23 

4.6 

2  3 

5.52 

23 

&45 

235 

44 

24 

41 

24 

3.7 

235 

3.5 

235 

3.46 

235 

3.45 

23 

3.35 

23 

3.3 

23 

3.26 

23 

3.2 

23 

3.2 

27 

3.1 

255 

3.1 

26 

3.0 

26 

20 

245 

Rating  table  far  Wallowa  River  near  Elgin,  Oreg.,for  1906. 


he^. 

Dia- 
chajge. 

heic^. 

Dia- 
chaige. 

he^. 

Dis- 
chaige. 

Gage 
height. 

Dis- 
charge. 

Oaxe 
height. 

Dis- 
charge. 

Feet. 
200 

Sec-^t. 

Feet. 
2  70 

*"^- 

Feet. 
3.40 

w 

Feet. 
410 

8ec.-n. 
2,385 

Feet. 
480 

Sec.-ft. 
3,700 

210 

255 

280 

695 

3.50 

1,470 

420 

2,565 

400 

3,020 

220 

300 

200 

780 

3.60 

1,610 

430 

2,730 

5.00 

4,140 

230 

350 

3.00 

870 

3.70 

1,755 

440 

2,010 

5.20 

4600 

240 

405 

3.10 

970 

3.80 

1,005 

450 

3,100 

6.40 

5,000 

250 

470 

3.20 

1,080 

3.00 

2,060 

460 

3.300 

200 

540 

3.30 

1,200 

400 

2,220 

470 

3,500 

27 
2  65 
265 
2  6 
2  6 

26 

285 

285 

20 

20 

205 

ao 

3.0 

295 

295 

296 

20 

296 

206 

3.4 

3.7 

3.4 

3.35 

3.3 

3.3 

3.0 

3.6 

3.55 

3.5 

3.4 

3.3 


NoTE.—The  above  table  is  applicable  only  for  open-channel  conditions.    It  Is  based  on  dlschaige 
nwasarementa  made  during  10(8-1006  and  is  well  defined  below  gage  height  4.2  feet. 

Monthly  dUeharge  of  WaUowa  River  near  Elgin,  Oreg.,for  1906. 
pralnage  area,  870  square  miles.] 


Discharge  in  second-feet. 

Total  in 
acre-feet. 

Run-off. 

Month. 

Maximum. 

Mean. 

326 

453 

760 

1,520 

1,880 

2,600 

i;280 

384 

350 

372 

1,420 

1,010 

Sec.-ft.  per 
sq.  mile. 

Depth  in 
Inches. 

Jannaiy 

378 

605 

1,830 

2,560 

2,300 

3,700 

2,380 

470 

406 

615 

5,420 

2,060 

300 
300 
350 
640 
1,610 
1,000 
470 
350 
325 
325 
405 
640 

20.000 
25,200 
46,700 
84,400 
44,700 
16,500 
78,700 
23,600 
21,400 
22,900 
84.500 
62,100 

0.375 
.521 
.872 
1.75 
216 
2  00 
1.47 
.441 
.413 
.428 
1.63 
1.16 

0.43 

Fobruary 

.54 

Mareh . .'. 

1.01 

April  1-28. 

1.82 

llftyVi^^l. 

.06 

Ji|n^, , 

3.34 

July      

1.70 

AlKUSt 

.51 

September 

.46 

betober 

.49 

November 

1.82 

p^^cember 

1.34 

The  period  . 

1 

630,000 



1 

1  " 

NOTB.— Valuea  are  rated  as  eaoelJeat. 
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ASOTIN   GREEK   NEAR  ASOTIN,  WASH. 

This  Station  was  established  March  25, 1904.  It  is  located  at  Shell- 
man's  ranch,  about  8  miles  above  Asotin,  Wash.  Gage  height  obser- 
vations were  discontinued  during  1906,  as  no  observer  was  available. 
The  conditions  at  this  station  and  the  bench  marks  are  described  in 
Water-Supply  Paper  No.  178,  page  167,  where  are  given  also  refer- 
ences to  publications  that  contain  data  for  previous  years. 

DUcharge  meaturemenU of  Aaotin  Creek  Tiear  Asotin,  Wash.,  in  1904.  and  1906. 


Date. 

Hydrographer. 

Width. 

Area  of 
flection. 

Ga^     1     Dla- 
hetgfat.      chAise. 

1904. 
March  26 

W.  W.  Schlecht 

Feet. 
35 
40 

ao 

26 
36 

70 
31 

17 

50 

Fed. 
2.03 
3.15 
1.79 
1.52 

2L30 

Sec.-ft. 
113 

April  22 

July  1 

W.G.  Steward 

458 

do 

93 

August  12 

1906. 
December  24  .. 

Hulburt  and  Moore 

40 

H    1tfAniA>>ii^n 

215 

Daily  gage  height,  in  feet,  of  Asotin  Creek  near  Asotin,  Wash^,for  1906. 


Day. 

Jan. 

Feb. 

May. 

June. 

Juiy. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

1.45 
1.45 
1.45 
1.58 
1.56 

1.98 
1.52 
1.45 
1.45 
1.5 

1.5 
1.5 
1.5 
1.5 
1.62 

1.5 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.7 
1.6 
1.55 

1.55 
1.55 
1.55 
1.55 
1.55 
1.55 

1.55 
1.56 
1.56 
1.55 
1.56 

1.66 
1.55 
1.55 
1.56 
1.56 

1.56 
1.55 
1.56 
1.56 
1.56 

1.55 
1.62 

■"'i.'s' 

1.8 
1.7 
1.7 

1.7 
1.7 
1.7 
1.7 
1.7 

1.7 
1.7 
1.7 
1.9 
2.1 
2.1 

2.0 
2.0 
2.0 
2.1 
2.1 

2.1 
2.0 
1.9 
1.9 
1.8 

1.8 
1.8 
1.8 
1.8 
1.8 

1.8 
1.8 
1.7 
1.7 
1.7 

1.7 
1.7 
1.7 
1.7 
1.6 

1.6 
1.6 
1.6 
1.6 
1.6 

1.6 
1.6 
1.6 
1.6 
1.5 

1.5 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.5 
1.5 
1.6 

1.6 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.5 
1.5 
1.5 
L5 

1.4 
1.4 
L4 
1.4 
1.4 

1.4 
1.4 
1.4 

1.4 
1.4 

1.4 
1.4 
1.4 
1.5 
1.5 

1.5 
1.6 
1.5 
1.6 
1.6 

1.6 
1.5 
1.6 
1.5 
1.5 

1.5 
1.5 
1.6 
1.6 
1.6 
1.4 

1.4 
1.4 
1.4 
1.4 
1.4 

1.4 
1.4 
1.4 
1.4 
1.4 

1.4 
1.4 
1.4 
1.4 
1.4 

1.4 
1.4 
1.4 
1.4 
1.4 

1.4 
1.4 
1.4 
1.4 
1.4 

1.4 
1.4 
1.4 
1.4 
1.4 

.  1.4 
L4 
L5 
1.5 
1.5 

1.5 
1.5 
1.5 
1.6 
1.5 

L6 
1.5 
1.5 
L6 
1.5 

1.6 
1.6 
1.6 
1.5 
1.5 

1.5 
1.5 
1.6 
1.6 
1.5 

1.6 
1.6 
1.5 
1.5 
1.6 
L6 

L5 

2 

1.5 

3 

1.5 

4 

1,5 

5 

1.6 

6 

1.5 

7 

1.5 

8 

1.8 

9 

1.7 

10 

1.6 

11 

1  6 

12 

1-6 

13 

1.8 

14 

2.2 

15 

2.3 

16 

2.4 

17 

2.2 

18 

2.0 

19 

L9 

20 

1.9 

21 

1.8 

22 

1.8 

23 

1,7 

24 

1.7 

25 

1.7 

26 

1.7 

27 

1.7 

28 

1.6 

29 

L6 

30 

1.6 

31 
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RaHng  table  for  Atotin  Creek  neaf  Atotin,  Wash,,  for  1904-1906, 


bei«St. 

Dis- 
charge. 

Gage 
h^t. 

Di»- 
ohaige. 

Gage 
height. 

Dis- 
chaige. 

hel^ 

Di»- 
charge. 

Feet. 
1.40 

Sec^. 

Feet. 
2.00 

aec^. 

Feet. 
2.60 

8ec^. 

Feet. 
3.20 

""-i^- 

1.50 

40 

2.10 

147 

2.70 

309 

3.30 

549 

1.60 

54 

2.20 

100 

2.80 

343 

3.40 

599 

L70 

70 

2.30 

193 

2.90 

379 

3.50 

652 

1.80 

87 

2.40 

219 

3.00 

417 

3.60 

708 

1.90 

106 

2,S0 

247 

3.10 

458 

3.70 

767 

hSSK. 

Dift- 
cbaige. 

Feet. 
3.80 

'"^- 

3.90 

894 

4.00 

962 

4.10 

1,032 

4.20 

1,104 

4.30 

1,179 

NoTK.— The  above  table  is  ai  . 
mearaiements  made  during  19M-1906  and  is  not  well  defined. 


only  lor  open-channel  oondltlons.    It  is  based  on  5  discharge 


Monthly  discharge  of  Asotin  Creek  near  Asotin,  Wash.,  for  1904r-1906. 
[Drainage  area,  171  square  miles.] 


Month. 


1904. 


March  21-31. 
April 

Y^y 

Jime 

July 

August 

September 

October 

November  1-19. 


The  period... 

1906. 
April 

^y 

June 

July 

August 

September 

October 

November 

December 


Discharge  in  second-feet. 


Maximum. .  Minimum.      Mean, 


193 
1,180 
417 
277 
116 
54 
64 
85 
47 


96 
106 
283 
70 
34 
62 
47 
40 
47 


January. 
February 

r  17-31 


May 

June, 

July 

August 

September. 
October. . . 
November. 


The  period... 
1906i 


The  period. 


122 
57 

147 

147 
54 
40 
29 
40 

219 


116 
196 
219 
78 
50 
44 
44 
47 
47 


Totol  in 
acr&-fept. 


156 

469 

276 

159 
70.8 
47.0 
47.3 
50.5 
47.0 


80.3 
91.8 
189 
43.1 
34.0 
3&2 
40.7 
39.1 
38.9 


3.400 
27,900 
17,000 
9,460 
4,350 
2,890 
2,810 
3,100 
1,770 


72,700 


4,780 
5,640 
11,200 
2,650 
2,090 
2,150 
2,500 
2,330 
2,390 


35,700 


Run-off. 


Sec.-ft.  per   Depth  in 
sq.  mile,    j   inches. 


a  912 
2.74 
1.61 
.030 
.414 
.275 
.277 
.295 
.275 


0.37 
3.06 
1.86 
1.04 
.48 
.32 
.31 
.34 
.19 


J. 


0.470 
.537 

1.11 
.252 
.190 
.212 
.238 
.229 
.228 


a  52 
.62 

1.24 
.29 
.23 
.24 
.28 
.26 
.26 


45.5 
47.6 
85.0 
80.0 
41.8 
35.0 
29.0 
39.3 
82.5 


2,800 
1,600 
2,530 
5,300 
2,570 
2,150 
1,730 
2,420 
4,910 


26,000 


0.266 
.278 
.497 
.520 
.244 
.206 
.170 
.230 
.482 


I 


0.31 
.18 
.28 
.58 
.28 
.24 
.19 
.27 
.54 


NoTK.— Values  are  rated  as  fair. 

PALOU8E  RIVER  AT  HOOPER,  WASH. 

The  gaging  station  at  Hooper,  Wash.,  was  originally  established 
April  1,  1897,  by  the  land  department  of  the  Northern  Pacific  Rail- 
way. The  United  States  Geological  Survey  assumed  charge  Sep- 
tember 9,  1897,  and  moved  the  station  about  1  mile  downstream. 

The  measurements  are  of  value  in  showing  the  amount  of  water 
available  for  use  on  lands  of  Washtucna  Valley  and  in  the  section 
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north  of  Pasco.  The  conditions  at  this  station  and  the  bench  marks 
are  described  in  Water-Supply  Paper  No.  178,  page  171,  where  are 
given  also  references  to  publications  that  contain  data  for  previous 
years. 

Daily  gage  heigkiy  infeety  of  PaUmte  River  at  Hooper,  Wash.,  for  1906. 


Day. 


1. 
2. 
3. 
4.. 
5. 

6.. 
7.. 
8.. 
9.. 
10.. 

11.. 
12.. 
13.. 
14., 
15.. 

16.. 
17.. 
18.. 
19.. 
20.. 

21.. 
22.. 
23.. 
24.. 
25.. 

26.. 
27.. 
28.. 
29.. 
30.. 
31., 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

a9 

Dec 

L5 

3.6 

4.75 

5.3 

3.2 

3.7 

1.66 

a9 

a8 

0.8 

1.6 

1.6 

3.5 

4.7 

5.76 

ao 

3.5 

L6 

.9 

.8 

.8 

.9 

1.6 

1.55 

3.6 

4.4 

6.0 

2.4 

2.46 

1.6 

.85 

.8 

.8 

.95 

1.6 

1.5 

4.05 

4.1 

5.85 

2.3 

2.7 

1.6 

.8 

.8 

.8 

1.0 

1.55 

1.6 

3.5 

3.6 

6.7 

2.15 

3.5 

1.6 

.8 

.8 

.8 

1.0 

1.5 

1.65 

3.5 

3.9 

5.6 

2.5 

3.06 

L5 

.8 

.8 

.8 

1.0 

l.b5 

1.7 

3.05 

3.6 

4.4 

2.4 

2.45 

L4 

.8 

.8 

.8 

1.06 

1.8 

1.8 

2.9 

3.6 

4.4 

2L2 

2.55 

1.35 

.8 

.8 

.8 

1.15 

2.05 

2.0 

2.9 

3.6 

4.3 

2.2 

2.6 

1.5 

.76 

.8 

.8 

1.2 

ao6 

1.96 

2.8 

3.8 

4.9 

2.2 

2.4 

1.4 

.75 

.8 

.8 

1.35 

2.7 

1.96 

2.8 

6.15 

4.8 

2.15 

2.65 

1.35 

.75 

.8 

.8 

1.6 

2.7 

1.85 

2.85 

4.9 

4.75 

2.1 

2.4 

1.3 

.75 

.8 

.8 

1.8 

2.9 

1.85 

2.8 

a4 

4.6 

2.0 

2.3 

1.25 

.75 

.8 

.85 

2-1 

ao5 

2.0 

2.7 

4.9 

3.6 

2.0 

2.3 

1.2 

.8 

.8 

.9 

2.4 

a4 

2.35 

2.75 

4.0 

3.4 

2.0 

2.25 

1.7 

.8 

.8 

.9 

as 

2.8 

2.3 

2.7 

3.6 

3.9 

2.1 

2.2 

L4 

.8 

.8 

.9 

a8 

2,7 

2.35 

ai 

3.5 

3.5 

2.1 

2.2 

1.3 

.75 

.8 

.9 

4.1 

2.7 

2.3 

a2 

3.5 

3.4 

2.05 

2.1 

1.2 

.75 

.8 

.9 

4.4 

2.6 

2.2 

3.3 

3.3 

3.4 

2.05 

2.1 

1.15 

.7 

.8 

.9 

ao5 

2.6 

1.95 

5.05 

3.6 

3.4 

2.05 

3.06 

1.15 

.7 

.8 

.9 

2.6 

a? 

1.85 

&1 

3.5 

a25 

2.05 

2.0 

1.1 

.7 

.8 

.9 

2.6 

6l1 

2.0 

6l35 

2.95 

3.1 

2.0 

2.0 

1.05 

.7 

.8 

.9 

2.3 

8.7 

2.35 

5.7 

3.2 

3.05 

2.0 

2.0 

1.05 

.7 

.8 

.9 

2.2 

9.8 

3.15 

5.65 

a25 

3.0 

1.9 

1.95 

1.05 

.7 

.8 

.9 

2.1 

8.2 

3.3 

5.15 

Z,A 

2.9 

1.85 

1.85 

1.06 

.7 

.8 

.9 

2.0 

7.1 

a7 

5.0 

3.6 

3.4 

1.8 

1.6 

1.05 

.7 

.8 

.9 

1.85 

6.8 

4.2 

4.8 

4.9 

3.1 

1.75 

1.7 

1.0 

.7 

.8 

.95 

L6 

7.0 

4.05 

4.75 

6.4 

3.0 

1.7 

1.6 

1.0 

.7 

.8 

.95 

1.5 

7.4 

4.0 

6.1 

2.9 

2.2 

1.65 

.95 

.7 

.8 

.95 

1.5 

6.8 

3.9 

6.4 

8.0 

3.8 

1.75 

.96 

.7 

.8 

.96 

1.6 

7.1 

3.6 

5.8 

2.7 

.05 

.76 

.9 

7.6 

Rating  table  for  Pahuu  River  at  Hooper,  Wash.,  for  1906, 


hei^t. 

Dis- 

1   Gaffe 

Dis- 

Gaffe 

Dis- 

hei^. 

Dis- 

Gaffe 

Dis- 

charge. 

height. 

charge. 

height. 

charge. 

charge. 

height. 

charge. 

Feet. 

See.-ft. 

Feet, 

aec-ft. 

Feet. 

'''^i- 

Feet 

See.-ft. 
670 

FeeL 

SeC'fL 

0.60 

10 

1.70 

110 

2.80 

a90 

6.00 

1,<H5 

0.70 

13 

1.80 

125 

2.90 

355 

4.00 

715 

6.20 

2,120 

0.80 

17 

1.90 

141 

a  00 

380 

4.20 

806 

0.40 

2,280 

0.90 

22 

2.00 

158 

a  10 

405 

4.40 

900 

0.60 

2,440 

1.00 

28 

2.10 

176 

a  20 

430 

4.60 

1,015 

6.80 

2,020 

1.10 

36 

2.20 

195 

a  30 

.457 

4.80 

1,^35 

:    7.00 

2.800 

1.20 

46 

2.30 

215 

a  40 

486 

6.00 

1,265 

aoo 

3,780 

1.30 

57 

2.40 

236 

a  50 

517 

5.20 

1,400 

9.00 

4.900 

1.40 

09 

2.50 

259 

a  60 

651 

5.40 

1,540 

laoo 

6,200 

1.50 

82 

2.60 

283 

aTO 

588 

6.60 

1,680 

1.60 

1 

96 

2.70 

307 

a8o 

628 

6.80 

1,820 

Note.— The  above  table  is  applicable  only  (or  open-channel  conditions.    It  is  based  on  discharge 
measurements  made  during  1903-1906  and  is  well  defined  between  gage  heights  0.8  feet  and  10.0  feet. 
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Monthly  dMiorge  of  Palousc  River  at  Hooper,  Wash.,  for  1906. 
[Drainage  area,  2,210  square  miles.] 


Dischaige  in  second-feet. 


Month. 


January 

February.. 

lUrcb 

April 

Mky 

June 

July 

August 

September. 
October... 
November. , 
December. . 


The  year . 


Maximum. 

ICinimum . 

Mean. 

806 

82 

280      1 

2,240 

307 

784      ' 

2,280 

367 

867      . 

1,960 

3&5 

842 

628 

no 

206 

S88 

96 

231 

110 

26 

66. » 

22 

13 

15.3 

17 

17 

17.0 

25 

17 

20.4 

900 

22 

196 

5,920 

82 

1,360 

5,920 

13 

406 

Total  in 
acre-feet. 


16,600 

43,600 

62,700 

60,100 

12,800 

13.700 

3,490 

941 

1,010 

1,260 

11.700 

83,600 


291,000 


Run-off. 


Sec.-ft.per  Depth  in 
sq.  mile.       inches. 


0.122 
.355 


.004 

.105 

.026 

.0069 

•0077 

.0092 

.080 

.616 


.183 


0.14 
.37 
.45 
.43 
.11 
.12 
.03 
.01 
.01 
.01 
.  .10 
.71 


2.49 


Note.— Values  are  rated  as  good. 


MISCELLANEOUS   MEASUREMENTS. 

The  following  miscellaneous  measurements  were  made  in  Snake 
River  drainage  basin  in  1906: 

Asotin  Creek  at  Asotin^  Wdsh. — ^This  station,  which  was  discon- 
tinued December  31,  1J905,  is  described  in  Water-Supply  Paper  No. 
17Sj  page  167.     A  measurement  was  made  December  21,  1906. 

Width,  52  feet;  area,  68  square  feet;  gage  height,  3.97  feet;  dischaige,  290  second- 
feet. 

Bear  Greek  near  Wallowa ,  Oreg, — The  reference  point  is  on  top  of 
the  lower  end  of  the  left  floor  beam;  gage  heights  are  distances  below 
reference  point. 

May  22,  width  36  feet;  area,  55  square  feet;  gage  height,  —  7.06  feet;  discharge,  226 
second-feet. 

June  26,  width,  37  feet;  area,  62  square  feet;  gage  height,  —  7.45  feet;  dischai^ge,  259 
second-feet. 

Five  point  Greek  near  HUgard,  Oreg, — A  measurement  was  made 
just  above  the  mouth  March  10,  1906.  The  water  surface  was  6.34 
feet  below  the  top  of  the  highway  bridge  floor,  upstream  side,  at  a 
point  23  feet  from  the  right  end  of  the  floor. 

Width,  25  feet;  area,  45  square  feet;  discharge,  157  second-feet. 

A  measiu^ment  was  made  at  low  water  December  4,  1906.  The 
water  surface  was  7.15  feet  below  a  bent  spike  in  the  downstream 
side  of  the  top  log  of  the  right  abutment  of  the  highway  bridge. 

Width,  20  feet;  area,  21  square  feet;  discharge,  7.4  second-feet. 

Minam  Greek  near  Lovely,  Oreg, — The  discharge  of  this  stream  was 
found  December  9,  1906,  by  taking  the  difference  of  the  discharges 
of  Wallowa  River  above  and  below  its  mouth.  Discharge,  228  sec- 
ond-feet. 
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WcHlouxi  River  near  Lovely,  Oreg. — A  measurement  was  made  at 
medium  stage,  December  9,  1906,  at  the  footbridge  just  below  Can- 
yon stage  stations  and  above  the  mouth  of  Minam  Creek.  The 
water  surface  was  1.08  feet  below  a  small  ledge  of  projecting  rock  on 
the  right  bank,  9.0  feet  vertically  underneath  a  point  on  the  top  of  the 
downstream  log  of  the  footbridge,  7.5  feet  from  the  right  end  of  the 
log. 

Width,  85  feet;  area,  186  square  feet;  dincharge,  549  second-feet. 

Miscellaneous  measurements  in  Snake  River  drainage  basin  in  1906, 


Date. 


January  9 

AprlU 

Augusts 

July  19 

September  8. . . 


Stream. 


Bofae  River 

Burnt  River 

Cedar  Creek 

North  Fork  Buffalo  River. 

John  Day  River 


LocalHy. 

Width. 

Area  or 
section. 

Di«- 
chaiige. 

Below   Barber   dam   and   7 

miles  above  Boise,  Idaho. 
Huntington,  Oreg 

Feet. 
144 

78 
10 

62 

42 

156 
6.2 

75 

104 

In  canyon,    8   miles   above 

Mackay,  Idaho. 
At  most  northerly  meadows, 

Wyoming. 
Junction  with   South   Fork 

Snake  River,  Wyoming. 

12.5 
165 
502 

WAIXA  WAXIiA  RIVER   DRAINAGE  BASIN. 

DESCRIPTION    OF   BASIN. 

Walla  Walla  River  heads  on  the  northwestern  slope  of  the  Blue 
Mountains  in  northeastern  Oregon  and  southeastern  Washington, 
flows  westward,  and  unites  with  the  Columbia  at  Wallula,  Wash. 
The  Blue  Mountains  have  an  elevation  of  approximately  2,000  feet 
above  the  surrounding  country;  their  northwestern  slope  is  drained 
by  the  numerous  tributaries  of  the  Walla  Walla  and  their  southeastern 
slope  by  those  of  Grande  Ronde  River,  a  tributary  of  tha  Snake. 
The  drainage  basin  is  a  broad,  triangular-shaped  area,  aggregating 
1,050  square  miles.  Except  on  the  mountain  slopes  the  area  is  tim- 
berless,  being  composed  of  rolling  table-lands  devoted  largely  to  the 
production  of  wheat.  The  valleys  are  level  tracts  in  which  irriga- 
tion has  reached  a  high  stage  of  development.  The  rainfall  at  Walla 
Walla,  Wash.,  is  about  18  inches  per  annum.  The  principal  tribu- 
taries of  the  stream  are  Little  Walla  Walla  River,  Mill  Creek,  on 
which  the  city  of  Walla  Walla  is  situated.  Garrison  Creek,  Yellow- 
hawk  Creek,  Cottonwood  Creek,  and  South  Fork  of  Walla  Walla 
River. 

The  main  stream  and  its  tributaries  are  used  extensively  for  irriga- 
tion and  power.  The  power  plant  of  the  Northwestern  Gas  and  Elec- 
tric Company,  from  which  the  cities  of  Pendleton,  Walla  Walla, 
Weston,  and  neighboring  towns  are  connected  by  an  electric  line, 
is  located  on  South  Fork  of  Walla  Walla  River,  about  12  miles  above 
Milton. 
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WALLA    WALLA    RIVER    NEAR   MILTON,    OREO. 

This  station  was  established  August  12,  1905,  to  replace  the  station 
at  Milton,  Or^.,  one-half  mile  below.  It  was  located  near  the  old 
city  reservoir,  1}  miles  above  Milton,  but  the  gage,  cable,  and  bench 
mark  were  destroyed  by  flood  May  30,  1906,  and  on  August  16,  1906, 
the  station  was  reestablished  at  West's  highway  bridge,  3  miles  above 
Milton.     A  small  ditch  heads  just  above  the  bridge. 

The  channel  is  straight  above  the  station  and  curved  below.  The 
water  is  shallow  and  the  current  swift.  The  banks  are  low  and  liable 
to  overflow.  The  bed  of  the  stream  is  composed  of  clean  sand  and 
gravel  and  liable  to  shift.     There  is  one  channel  at  all  stages. 

Measurements  are  macje  from  the  bridge.  The  initial  point  is  the 
face  of  the  right  abutment. 

The  gage,  which  is  read  by  Maud  Osbom,  is  a  2  by  6  inch  timber 
spiked  vertically  to  the  right  abutment.  The  bench  mark  is  a  20- 
penny  spike  in  pole  1170  of  a  transmission  line  at  the  southwest  cor- 
ner of  the  bridge;  elevation,  9.03  feet  above  the  datum  of  the  gage. 

The  conditions  at  the  old  station  and  the  bench  marks  are  described 
in  Water-Supply  Paper  No.  178,  page  178,  where  are  given  also  refer- 
ences to  publications  that  contain  data  for  previous  years. 


Discharge  m4iasuremenU  of  Walla  Walla  River  iicar  Milton^  Orey.,  m  1906. 


Date. 


Hydrographpr. 


Width.) 


Area  of  .     Gage 
section,     height. 


Dis- 
charge. 


February  19.  .J  R.  S.  Hall 

March  23 Cupper  and  Buchanan . 

May  22 '  P.  A .  Cupper 

June  28  b do 

July  21  e» j do 

August  4  b t do 

August  29 [ do 

December  11...   H.McGlashan 


Feet. 
60 
47 
45 
45 

60 
66 
50 
56 
50. 
52 
72 

Feet. 
«4.G2 
a  4. 11 
a  4. 13 

Sec.-ft. 
413 

181 
187 
186 

44 

112 

43 

99 

43 
63 

cl.63 
C2.20 

97 
300 

a  Gage  near  city  reservoir. 

b  Measured  by  wading  at  mouthot  Couso  Creek. 


c  Gage  at  West's  bridge. 


Daily  gage  heiojitj  in  feet,  of  Walla  Walla  River  near  Milton,  Oreg.jfor  1906. 


Day. 

Jan. 

Feb. 

:Car. 

Apr. 

May. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

4.02 
4.00 
4.00 
4.02 
4.10 

4.22 
4.32 
4.30 
4.22 
4.20 

4.20 
4.18 
4.22 
4.22 
4.20 

4.28 
4.28 
4.20 
4.20 
4.18 

4.15 
4.10 
4.10 
4.08 
4.08 

4.08 
4.05 
4.02 
4.02 
4.05 

4.38 
4.32 
4.28 
4.28 
4.22 

4.22 
4.25 
4.30 
4.38 
4.38 

4.35 
4.32 
4.2.5 
4.22 
4.22 

4.70 
4.  GO 
4.60 
4.60 
4.60 

4.62 
4.62 
4.65 
4.70 
4.60 

4.55 
4.45 
4. 42 
4.48 
4.50 

4.45 
4.45 
4.48 
4.45 
4.35 

4.35 
4.30 
4.30 
4.30 
4.30 

4.30 
4.30 
4.25 
4.25 
4.28 

a  1.35 
1.55 
1.45 
1.65 
1.65 

1.55 
1.35 
l.fv5 
1.55 
1.G5 

1.55 
1.55 
1.6.5 
1.75 
1.75 

1.65 
1.75 
1.75 
1.65 
1.85 

1.75 
1.75 
1.65 
1.75 
1.75 

1.75 
1.6.5 
1.75 
1.75 
1.75 

1.75 
1.75 
1.65 
1.70 
1.75 

1.75 
1.85 
1.85 
1.90 
1.95 

2.65 
2.85 
2.75 
2.M 
3.25 

1.95 

2       

1.95 

3:::::::::::::::.::::::....: 

1.85 

4   

1.85 

5                                   .       ... 

1.90 

ti 

1.95 

7 

2.05 

8 

2.05 

9:.: 

2.15 

10 

2.05 

11                       

2.a5 

12 

2.3,5 

13                         .... 

2.m 

14 

2.20 

15 

2.15 

8078— IRB  214—07- 
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Daily  gage  height,  in  feet,  of  Walla  Walla  River  near  Milton,  Oreg.,  in  1906 — Con. 


Day. 


16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


Jan. 

Feb. 

Mar. 

Apr. 
4.58 

May. 

Sept. 

Oct. 

Nov. 

D«- 

4.28 

4.05 

4.20 

4.22 

1.75 

l.«S 

3.«' 

2.3.1 

4.22 

4.05 

4.15 

4.55 

4.15 

1.75 

1.75 

2.95  : 

2-a.i 

1      4.20 

4.20 

4.12 

4.52 

4.25 

1.75 

1.75 

2.75  j 

2-'.i' 

!       4.18 

4.60 

4.10 

4.52 

4.25 

1.65 

1.75 

2.65  1 

2-i-. 

1      4.12 

4.60 

4.10 

4.  .52 

4.12 

1.75 

1.75 

2.56 

2.  i.^ 

1       4.10 

4.00 

4.10 

4.62 

4.13 

1.75 

1.65 

2.35 

4.ni 

4.12 

4.55 

4.10 

4.70 

4.12 

1.75 

1.75 

2-15 

.i«i 

4.18 

4.45 

4.10 

4.65 

4.13 

1.85 

1.75 

2.05 

3-W 

4.40 

4.42 

4.25 

4.60 

4.12 

1.85 

1.70 

1.95 

ii". 

1      4.50 

4.38 

4.30 

4.52 

4.10 

1.75 

1.75 

1.95 

2.*'^ 

1      4.4,5 

4.35 

4.32 

4.48 

4.12 

1.75 

1.75 

1.95 

2.9H 

4.40 

4.40 

4.62 

4.45 

4.13 

1.75 

1.65 

1.90 

2.<> 

4.32 

4.40 

4.62 

4.45 

4.12 

1.85 

1.75 

1.85 

2.V. 

1      4.30 

4.58 

4.45 

5.90 

1.75 

1.70 

1.80 

2.<i 

,      4.28 

4.60 

4.45 

(*) 

1.65 

1.75 

l.« 

2. ". 

4.25 

4.72 

1.75 



2.75 

1 

a  On  gage  at  West's  bridge. 


ft  Oagp  and  cable  washed  away  by  flood. 


Hating  table  for  Walla  Walla  Rxver  near  Milton,  Greg.,  from  January  1  to  May  29,  liH/o. 
Ga 


Gage  I     Dis- 
charge. 1 1  height. '  charge,  {i  hel 


Dis- 


Gage 
t. 


Feet. 
3.80 
3.90 
4.00 


Sec.-ft. 
94 
117 
144 


Feet. 
4.10 
4.20 


Sec.-ft.  ' 
175  I 
210 


Feet. 
4.30 
4.40 


Difr-      '   Gage        Dis-         Gage        Dis- 
charge. 11  height,  charge,    height,  charge. 


Sec.-ft. 
251 


Feet.  I  Sec.-ft.  \ 
'    4.50  349 

I    4.60    I        406    I 


Feet.      Sec.-ft. 
4.70    ;         460 
4.80    '        534 


Note.— The  above  table  is  applicable  onlv  for  open-channel  conditions.    It  is  based  on  disehai^ 
measurements  made  during  100.5-6  and  is  wefl  defined  below  gage  height  4.2  feet. 

Monthly  discharge  of  Walla  Walla  Rivfr  near  Milton,  Greg.,  for  1906. 
[Drainage  area,  I'M  square  miles.] 


Month. 


January.. 
February. 

March 

April 

May  1-29.. 


Discharge  in  second-feet. 


Maximum.   Minimum.'    Mean. 


349 
406 
482 
469 
1,370 


The  period . 


144 
150  I 
175  I 
307  I 
175  1 


221 
239 
260 
384 
274 


RuD-off. 


Total  in 
acre-feet. 


I  Sec.-ft.  per  Depth  in 
'    sq.mile.       inches. 


1.92 
2. 31 
3,29 
2.2S 


13,600 

1.70 

13,300 

1.84 

16,000 

2.00 

22,800 

2.95 : 

15,800 

2.11  I 

81.500  I 


Note.— Values  are  rated  as  excellent. 


SOUTH   FORK  OF   WALLA    WALLA   RIVER   NEAR  MILTON,   OREG. 

This  station  was  originally  established  February  15,  1903,  6  miles 
above  the  mouth  of  the  river  and  12  miles  from  Milton,  Oreg.  The 
conditions  at  this  station  and  the  bench  marks  are  described  in 
Water-Supply  Paper  No.  178,  page  176,  where  are  given  also  refer- 
ences to  publications  that  contain  data  for  previous  years. 

The  flood  of  May  30,  1906,  entirely  changed  the  channel.  On 
August  10,  1906,  a  new  station  was  established  one-fourth  mile  above 
the  headgate  of  the  Northwestern  Gas  and  Electric  Company's  pipe 
This  point  is  above  all  diversions. 
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The  channel  is  straight  for  200  feet  above  and  below  the  station. 
The  banks  are  low  and  liable  to  overflow.  There  is  one  channel  at 
all  stages.  The  bed  of  the  stream  is  of  gravel  and  will  change  during 
high  floods.     The  current  is  swift  at  all  stages. 

Measurements  are  made  by  wading  17  feet  below  the  gage.  The 
initial  point  for  soundings  is  a  blaze  on  a  cottonwood  tree  on  the 
left  bank. 

Gage  heights  are  furnished  by  the  Northwestern  Gas  and  Electric 
Company,  through  Mr.  Paul  Young.  The  gage  is  a  2  by  6  inch  timber, 
spiked  in  a  vertical  position  to  a  tree  on  the  left  bank.  The  bench 
mark  is  a  spike  in  the  roots  of  a  lai^e  cottonwood  tree  on  the  left 
bank,  10  feet  from  the  gage;  elevation,  7.74  feet  above  the  datum 
of  the  gage. 

Discharge  jneasurements  of  South  Fork  of  Walla  Walla  River  near  Milton^  Oreg.^  in  1906, 


Date. 


Ilydrographer. 


I 


February 20....'  R.  S.  UaU..... 

March23 1  P.A.Clipper.. 

May24 ' do 

August  10 J .  C.  Stevens . . . 

December  13  . .  .|  H.  McGIasban. 


Width. 

Area  of 
section. 

Gage 
height. 

Feet. 

Sq.ft. 

Feet. 

48 

71 

a  2. 10 

45 

41 

O1.50 

45 

48 

ai.ee 

45 

49 

6  2.50 

42 

5& 

6  3.73 

Dis- 
charge. 


Sec.-ft. 
390 
159 
171 
120 
183 


a  Gage  at  bridge. 


6  (lage  at  headgate. 


Daily  gage  height,  infect,  of  South  Fork  of  Walla  Walla  River  near  Milton,  Oreg.,for 

1906. 


23. 
24. 
•25. 


28. 
29. 
30. 
31. 


Day. 


Jan. 


2 

: 1.56 

3       

i       l-.W 

4 - 1 

5  

1.6 

6 

1.7 

7    :                  :              :i 

8 

1.65 

9 

1       1.65 

10 

1.7 

11 

l-&^ 

12 - 1 

13 

'      1.65 

14       

1.65 

15 

1.65 

16 

'      1.7 

17 

'      1.7 

18 

1       1.7 

19  

1.7 

2o:. ..::.. .:.:::.:.:.  ::::::::::::::::i  .:;:.. 

21.*. 

j      1.65 

22 

1.&5 

1.8 
1.8 
1.05 


1.8 
1.75 
1.7 
1.7 

1.7 


Feb. 


1.7 
1.7 


1.65 
1.6 

1.6 
1.6 
1.6 

1.6    I 

1.55  I 

1.55 

1.55 


Mar. 

Apr. 

1.7 

2.0 

1.65 

2.0 

1.65 

2.0 

1.65 

2.0 

1.6 

2.0 

1.6 

2.0 

1.6 

2.1 

1.7 

2.1 

2.1 

1.7 

2.0 

i.8 

1.55  1. 
1.55! 

1 

"i'.b" 

1.55  . 

.!.  .1 

1 

2.2    ' 
2.0 

1.5 
1.5 
1.5 

2.1 

1.5 

2.0 
1.9  I 
1.8  ' 
1.8 

1.8  ' 
1.75  , 
1.75 


1.5 
1.0 
1.7 

2.0 

2.0 

2.0 

2.0 

1.95 

2.15 


May.   I  June. 


2.0 
2.0 


2.0 
1.95 

1.9 
1.85 
1.8 
1.85 


1.8 
1.8 
1.9 


I 


2.0 

1.95 

1.9 

1.95 

2.0 


1.9 
1.9 

1.86 
1.85 
1.8 


1.7 
1.7 
1.7 
2.80 


1.9 
1.9 
1.9 
1.95 

2.0 

1.75 

1.7    i 

1.7      

1.7      

i 

2.2 
2.2 
2.1 

i.7   1 

1.7      

2.05 

Aug.      Sept. 


2.6 
2.6 
2.5 
2.5 
2.5 


2.5    I 

2.5 
2.53 
2.55 
2.52  I 
2.52  I 

2.51  !. 

2.51  '. 

2.52  '. 
2.5  . 
2.5      . 


!.57  . 
!.f)5  . 
!..><    . 

L52  I. 

I 

!.:.2  . 

1.52    . 

!.5 

!.5 

!.5 

1.5 


2.5 

2.5 

2.5 

2.52 

2.52 

2.  51 
2.5 
2.65 
2.  50 
2.65 
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126  SURFACE    WATER   SUPPLY,   1906. 

MISCELLANEOUS   MEASUREMENTS. 

The  following  miscellaneous  measurements  were  made  in  Walla 
Walla  River  drainage  basin  during  1906: 

Couse  Creek  near  Milton^  Oreg. — March  23,  discharge,  10  second- 
feet;  August  10,  dry. 

Dry  Creek  near  Miltony  Oreg. — A  measurement  was  made  500  feet 
below  the  crossing  of  Finis  Irrigation  Company's  flume.  The  wat«r 
surface  was  0.5  foot  below  the  bench  mark  on  a  rock  50  feet  above 
the  section. 

Width,  18  fe(»t;  area,  10  square  feet ;  discharge,  13  second-feet. 

WaUa  WaMa  River  at  Milton,  Oreg. — The  following  discharges  were 
computed  from  slope  measurements  for  the  spring  and  fall  floods: 

May  30,  width,  316  feet;  area,  924  square  feet;  discharge,  8,130  second-feet. 
November  14,  width,  281  feet;  area,  632  square  feet;  discharge,  4,550  second-feet. 

North  Fork  of  WaUa  Walla  River  near  MiUoUj  Oreg. — Measurements 
were  made  near  the  junction  with  South  Fork. 

March  23,  width,  17  feet;  art*a,  12  square  feet;  discharge,  28  se<'ond-feet. 
March  24,  width,  16  feet;  area,  8  square  feet;  discharge,  21  second-feet. 
August  29,  width,  12  feet;  area,  12  square  feet;  discharge,  7  second-feet. 

UMATILLA  HIV>:ii  OUAIXAGK  BA81N. 

DESCRIPTION    OF   BASIN. 

Umatilla  River  rises  in  the  western  slopes  of  the  Blue  Mountains  in 
northeastern  Oregon,  flows  westward,  and  joins  Columbia  River  at  the 
town  of  Umatilla.  Its  drainage  area  is  timberless  except  on  the 
mountain  slopes,  and  is  composed  of  rolling  table-lands  devoted  largely 
to  the  production  of  wheat.  The  rainfall  on  the  drainage  area  varies 
from  24  inches  on  the  headwaters  to  10  inches  at  the  mouth. 

The  waters  of  this  stream  are  used  for  both  power  and  irrigation 
purposes,  and  it  is  one  of  the  most  important  rivers  in  the  State. 

UMATILLA    RIVER   AT   GIBBON,    OREG. 

This  station  was  established  July  22,  1896.  It  is  located  about 
1  mile  west  of  Bingham  Springs  Railroad  station  (Gibbon  post-oflBce), 
Oreg.  The  conditions  at  this  station  and  the  bench  marks  are  de- 
scribed in  W.ater-Supply  Paper  No.  178,  page  181,  where  are  given 
also  references  to  publications  that  contain  data  for  previous  years. 

The  gage  at  this  station  was  read  during  a  portion  of  1906  by  J.  C. 
Hilliard.  The  gage  was  washed  out  May  30,  1906,  and  on  December 
3  a  new  one  was  installed  about  50  feet  upstream  from  the  cable  on 
the  left  bank.  It  consists  of  a  2  by  6  inch  timbers,  in  two  sections, 
spiked  to  cottonwood  trees.  The  bench  mark  is  a  spike  in  the  root 
of  a  16-iiich  yellow  pine,  415  feet  from  the  initial  point  for  soundings, 
160  feet  from  the  railroad  track,  and  20  feet  upstream  from  the  line 
of  the  cable  extended;  elevation,  9.03  feet  above  the  datum  of  the 
gage. 
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Discharge  meoBurementg  of  Umatilla  River  at  Gibbon^  Oreg.^  in  1906. 


Date. 


Hydrogiapher. 


February  1 R.  8.  Hall "..... 

March  14 do 

April  2 do 

AprU21 J.C.Stevens 

iilayaB R.  S.  HaU 

June  6 do 

July  9 do 

December  3 Stevens  and  McGlashan . 


Width. 

Area  of 
section. 

Feet. 

Sq.ft. 

63 

67 

&5 

80 

117 

260 

112 

203 

44 

44 

112 

307 

86 

80 

102 

132 

Gage 
height. 


Feet. 
al.80 
al.85 
a3.28 
<»2.80 
al.40 


frl.50 


Di». 
chaige. 


Sec. -ft. 

351 

415 

1,680 

1,310 

203 

1,390 

102 

1K3 


«  Old  gage. 


fc  New  gage. 


Daily  gage  height,  in  feet,  of  Umatilla  Hirer  at  Gibbon,  Oreg.,for  1906. 


Day. 


Jan.  I  Feb.  i  Mar.    Apr.    May.  Dec. 


Day. 


I 


I 


1 1.45 

2 1.4 

3 1.4 

4 1.5 

5 1  1.5 

6 1 

7 1.8 

8 1.7 

9 •  1.65 

10 1.65 

11 1.6 

12 1  1.7 

13 1.65 

14 1.6 

15 1.6 

16 1.6 


1.8 
1.8 
1.8 
1.8 


1.9 
1.9 
1.8 

1.8 
1.8 


1.7 

1.8 

1.6 

1.8 

1.6 

2.05 

1.6 

2.3 

1.55 

2.4 

1.5 

1.5 

2.0 

1.5 

1.9 

1.5 

1.5 

1.5 

1.7 

3.7 

3.25 

2.9 

2.9 

2.8 

2.9 

3.3 


2.9 
2.8 
2.5 
2.5 
2.4 
2.5 
2.4 


i  2.2 

!• 


2.0 

2.0 

2.0 

1.95 

1.9 

1.8 

1.8 

1.75 

1.75 

1.7 

1.7 

1.7 

1.6 

1.5 


al.5 
1.5 
1.5 
1.6 
2.1 
2.5 
2.4 
2.2 
2.2 
2.2 
2.1 
2.0 
2.0 
1.9 


17 

1.6 

18 

1.6 

19 

1.55 

20 

21 

1.55 
1.5 

22 

1.5 

23 

24 

2.0 

25 

2.25 

26 

2,1 

27 

2.0 

28 

1.95 

29 

1.9 

t  30 

1.9 

31. 

1.85 

Jan.  I  Feb.    Mar. 


1.7 
1.7 


1.7 
2.4 
2.3 
2.4 
2.3 
2.2 
2.0 
2.0 
2.0 


I...... 

I  1.5 
'  1.5 

1.5 

1.5 

2.0 

2.7 

2,75 

3.4 

3.3 

3.0 

3.5 

4.1 


pr.! 


Apr. !  May.  Dec. 


2.4 
2.4 
2.4 
2.7 
2.8 
2.9 


I 


2.5 
2.5 
2.5 
2.4 
2.4 
2.4 
2.3 


1.5 

1.9 

1.45 

1.9 

1.9 

5.2 

5.8 

4.5 

3.8 

3.6 

3.7 

4.1 

3.7 

3.6 

3.4 

(ft) 

3.1 

3.0 

o  New  gage  installed  December  3. 
f>  Gage  destroyed  by  flood. 


No  relation  determined  for  the  two  gagi^s. 


Rating  table  for  Umatilla  River  at  Gibbon,  Greg.,  from  Janvary  1  to  May  29, 1906. 


Gage 
height. 

Dis- 
charge. 

Sec.-ft. 

1    Gage 
,  height. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. 

;  he^t. 
Feet. 

Dis- 
charge. 

Sec.-ft. 

Gage 
height. 

Dis- 
chaige. 

Feet. 

Feel. 

'"^- 

Feet. 

Sec.-ft. 
1.075 

Feet. 

Sec.-ft. 

1.40 

190 

2  00 

2.00 

3.20 

.3.80 

2.305 

1.50 

233 

2.10 

635 

2  70 

1,170 

3.30 

1.765 

3.90 

2,415 

1.60 

284 

2.20 

720 

2  80 

1.265 

3.40 

1,870 

1    4.00 

2,530 

1.70 

343 

1    2.30 

805 

i    2.90 

1,:^ 

3.50 

1,975 

1    4.10 

2,B4.'> 

l.HO 

408 

•     2.40 

805 

3.00 

1.460 

3.60 

2.08.5 

1 

1.90 

479 

•    2.50 

985 

3.10 

1.560 

3.70 

2,195 

I 

Note.— The  above  table  Is  applicable  only  for  open-frhannel  condition.s.     It  i.s  b»i.s<'d  on  discharpi* 
measnmmentM  made  <lnring  IflO-Vfl  and  i«  well  defined  lielow  gag<»  heightH  3.0  f«»«>t. 

.Monthly  (Hscharge  of  Umatilla  River  at  Gibbon,  Greg.,  for  1906. 
[Drainage  an<a,  .'^53  sqiian^  mileH.] 


Month. 

Dischai 
Maximum. 

762 

895 

2,640 

2,200 

720 

pge  in  wvonc 
Minimum. 

190 
2.33 
233 

l-feet. 
Mean. 

352 
441 

734 

Total  in 
acn^fivt. 

Run- 

Sw.-ft.per 
sq.  inilo. 

1.00 

K>ff. 

Di'pth  in 
inches. 

January 

21,000 

1.  15 

Febniarv 

24,500 
45,100 
70,800 
19,100 

1.25 

2.08 

3.37 

.076 

1.30 

M^mh     ' 

2.40 

April 

805          1,190 
190  !            .'^44 

3.  70 

V^y  \~7H 

1.02 

The  period 

181,000 

Note.— Values  January  to  May  are  rated  as  good. 
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SURFACE   WATER   SUPPLY,   1906. 


UMATILLA    RIVER   AT    YOAKUM,    OREO. 

This  station  was  established  May  5,  .1903.  It  is  located  one-half 
mile  east  of  Yoakum,  a  station  of  the  Oregon  Railroad  and  Navigation 
Company,  at  what  is  known  as  the  Yoakum  wagon  bridge.  The 
conditions  at  this  station  and  the  bench  marks  are  described  in  Water- 
Supply  Paper  No.  178,  page  185,  where  are  given  also  references  to 
publications  that  contain  data  for  previous  years. 

Discharge  mea»ureme7ils  of  Umatilla  River  at  Yoakum,  Oreg.,  in  1906. 


Date. 


Hydrographer. 


March  19 '  R.  8.  HaU 

April 20 J.C.Stevens... 

June  2 R.  S.  Hall 

July  11 ' do 

Novemlier  26a ..  I  n .  McOlashan . 


I  Width.  I 


Feet. 
75 
76 


74 
76 


Area  of  1 

Gage 
height. 

Dis- 

section.  ' 

chATge. 

1 
Sq.ft. 

Feet. 

Sec. -ft. 

224 

4.45 

316 

352  1 

6.98 

1.570 

531 

8.30 

4.7?t> 

154  , 

3.20 

93 

229 

4.05 

284 

a  Some  slack  water  and  eddies. 


Daily  gage  height,  in  feet,  of  Um>atilla  River  at  Yoakumy,  Oreg.,for  1906. 


Day.* 


1 1 

2 

3 1 

4 

5.           .                ' 

«.    . 

7 

H 

9 ' 

10 , 

12..     . 

13.                          ' 

14 

15. . . 

1 
16 

17. 
18. 
19. 
20. 

21. 
22. 
23- 
24. 
25. 


2X. 
29. 


Jan. 


4.3 
4.3 
4.1 
4.1 
4.1 

4.2 

4.6 
4.6 
4.04 
4.2 

4.3 
4.3 
4.3 
4.3 
4.2 


4.2 
4.2 
4.3 
4.8 
5.3 

5.8 
5.7 
5.6 
5.4 
5.4 
6.3 


Feb. 


5.3 
5.1 
5.0 
4.8 
4.6 

4.5 
4.5 
4.4 
4.4 

4.3 

4.3 
4.2 
4.1 
4.1 
4.0 


4.2  4. 

4.3  4. 
4.3  4. 
4.3  5. 
4.3  I       5. 


5.4 
5.3 
5. 3 


Mar.  I  Apr.  j  May.    June.    July- 


5.3 
5.3 
5.2 
5.2 
5.1 

6.0. 

4.9 

5.1 

5.6 

5.7 

5.8 
6.5 
5.5 
5.2 
5.1 

5.0 
4.9 
4.5 
4.6 
4.6 

4.6 
4.7 
4.7 
5.9 
6.1 

6.7 
7.2 
7.4 
7.0 
7.2 
7.75 


8.05 
7.25 

7.0  ' 

7.1  I 

7.2  I 

7.2 
7.2 
7.2 
7.3 

6.8 

6.5 
6.1 
6.0 
6.0 
6.1 


5.0 
5.0 
4.9 
4.9 
4.7 

4.7 
4.5 
4.4 
4.4 
4.3 

4.3 
4.2 
4.2 
4.2 
4.2 


6.4 

4.2 

6. 3 

4.0 

6.1 

4.0 

6.0 

3.9 

6.0 

3.9 

6.2 

3.9 

6.4 

3.9 

6.3 

3.9 

5.9 

3.9 

5.7 

3.9 

5.  45 

3.9 

5.3 

3.8 

5.3 

4.0 

5.2 

0.65 

5.2 

al5. 0 

13.0 

9.5  ' 

8.0  i 
7.4  , 
7.4 
7.3 

7.2  I 
6.9  ; 
6.7  ' 

6.6  I 
6.2 

5.7 
5.4 
5.0 
4.9 

4.8 

4.8 
4.6 
4.5 
4.5 
4.4 

4.3  I 
4.2  1 
4.2  I 

4.1  I 
I 

4.0  I 
4.0 

4.1  I 
3.9  I 
3.8 


3.7 
3.6 
3.5 
3.6 
3.4 

3.3 
3.3 
3.2 
3.1 
3.1 

3,1 
3.1 
3.1 
3.1 
3.0 


3.0  I 
3.0  ! 
3.0  ^ 
.3.0 
2.9 

2.9 
2.9 

2.8 
2.8 
2.8 

2.7 
2.7 
2.7 
2.7 
2.7 
2.7 


Aug. 


2.7 
2.7 
2.7 
2.7 
2.7 

2.7 
2.7 
2.7 
2.7 
2.7 

2.7 
2.8 
3.0 
3.0 
3.0 

3.0 
3.0 
2.9 
2.9 

2.8 

2.8 
2.8 
2.8 
2.8 
3.0 

2.9 
2.9 

2.8 
2.8 

2.8 
2.8  I 


Sept. 


2.8 
2.8 
2.8 
2.8 
2.8 

2.8- 
2.8 
2.8 
2.8 
2.8 

2.8 
2.8 
3.0 
3.1 
3.1 

3.1  I 
3.0; 
3.0  I 
3.0, 
3.0  ' 

3.0  ' 

3.0 

2.9 

2.9 

2.9 

2.9 
2.9 
2.9 
2.9 
2.9 


Oct.   I  Nov.     D«. 


a.  9 

3.9 
3-9 
3.9 
3.9 

4.0 
4.3 
4.r, 
4.^ 

4.H 


2.9 

3.2 

2.9 

3.2 

3.0 

3.2 

3.0 

3.1 

3.0 

3.2 

3.0 

3-2 

3.0 

3.2 

3.0 

3.3 

3.0 

3.5 

3.0 

3.5 

3.6 
3.6 
3.5 
3.4 
3.3 
3.3 


3.0 

3.5 

4.8 

3.0 

3.5 

4.7 

3.0 

3.6 

4.6 

3.0 

,      6.2 

4.5 

3.0 

5.9 

4.5 

3.6 

5u7 

4-5 

3.5 

6.0 

4.4 

3.5 

4.9 

4.4 

3.5 

4.6 

4.5 

3.5 

4.5 

tis 

3.5 

4.5 

9.0 

3.5 

4.4 

7,  S 

3.6 

4.3 

7.0 

3.6 

4.3 

«.5 

3.6 

4.2 

ti.5 

4.0  I 
4.0  I 
4.0 
4.0  I 
4.0 


7.0 
7.1 
6.5 
6.4 

a4 

6.4 


a  Estimated;  water  overflowed  bottom  lands. 
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Rating  table  for  Umatilla  River  at  Yoakum^  Oreg.ffor  1906. 


h^^ 

Dis- 
charge. 

Feet. 

Sec.-fl. 

2.70 

28 

2.80 

37 

2.90 

47 

aoo 

59 

3.10 

73 

3.20 

80 

3.30 

107 

3.40 

127 

3.50 

149 

3.60 

173 

3w70 

199 

hei^t. 

Dis- 
chaige. 

Gage 
height. 

Dia. 
charge. 

'    Feet. 
3.80 

Sec^.  1 

Feet. 
4.90 

'"it 

3.90 

253    ' 

5.00 

820 

4.00 

284 

5.10 

890 

4.10 

320    1 

5.20 

965 

4.20 

360    1 

5.30 

1,040 

4.30 

410 

5.40 

1,120 

4.40 

460 

5.50 

1,200 

4.50 

515 

5.60 

1,285 

4.60 

570 

5.70 

1,370 

4.70 

630 

5.80 

1,460 

4.80 

600 

5.90 

1,560 

he^t.  I 


Dis- 
chaige. 


Feel. 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 
7.80 
8.00 


Sec.'ft. 
1,645 
1,840 
2,040 
2,260 
2,500 
2,750 
3,020 
3,310 
3,610 
3.930 
4,250 


Gage 
heij^t. 

Dis- 
charge. 

Feet. 
8.20 

'U 

,    8.40 

4,940 

a60 

5,300 

8.80 

5,680 

9.00 

6,060 

10.00 

8,190 

11.00 

10,760 

12.00 

13,730 

laoo 

17,000 

14.00 

20,400 

15.00 

23,900 

Note.— The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  discharge 
measarements  made  during  1903-1906  and  is  well  defined  below  gage  height  9.7  feet. 

Monthly  discharge  of  Umatilla  Rivn  at  Yoakum,  Oreg.^Jor  1906. 
[Drainage  area,  1,200  square  miles.] 


Month. 


Discharge  in  second-feet. 


Run-off. 


January 

February.. 

March 

April 

May 

Juiie 

July 

August 

September. 
October.... 
November. 
December. - 


The  year. 


Maximum. 

Minimum. 

Mean. 

1,460 

298 

587 

1.460 

284 

697 

3,850 

515 

1,370 

4,340 

965 

2,090 

23,900 

225 

1,770 

7,080 

225 

1.460 

190 

28 

72.7 

50 

28 

39.4 

73 

37 

48.4 

173 

47 

105 

1,550 

73 

384 

6,060 

253 

1,360 

832 

23,900 

28 

Total  in 

acre-feet. 

Sec.-ft.per 
sq.  mile. 

36,100 

0.480 

38,700 

.581 

84,200 

1.14 

124,000 

1.74 

109.000 

1.47 

86,900 

1.22 

4,470 

.061 

2,420 

.033 

2,880 

.040 

6,460 

.088 

22,800 

.320 

83,600 

1.13 

602.000 

.693 

Depth  in 
inches. 


0.56 

.60 

1.31 

1.94 

1.70 

1.36 

.07 

.04 

.04 

.10 

0.36 

1.30 


Note.— Values  are  rated  as  follows:  January,  February,  and  July  to  November,  good;  March  to 
June  and  December,  excellent. 

UMATILLA    RIVER   AT    UMATILLA,  OREO. 

This  station  was  established  October  21,  1903.  It  is  located 
about  1  mil^  above  Umatilla,  Oreg.,  and  about  one-fourth  mile 
below  the  diversion  dam  of  the  Oregon  Land  and  Water  Company. 
To  obtain  the  total  discharge  of  the  river,  the  discharge  of  the  irri- 
gation ditch  must  be  added  to  that  of  the  river  at  the  gage.  The 
gage  was  read  during  1906  by  N.  E.  Newton.  The  conditions  at 
this  station  and  the  bench  marks  are  described  in  Water-Supply 
Paper  No.  178,  page  188,  where  are  given  also  references  to  publi- 
cations that  contain  data  for  previous  years. 
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Discharge  measuremenU  of  Umatilla  River  at  Umatilla,  Oreg.,  in  1905-6. 


Date. 


Ilydrographer. 


1905.  { 

December 20 .. .    R.S.Hall. 


1906. 

February  22 

March  17 

April  19 

liay28 

May  31  a 

June  11 

June  23 

August  11  fr 

November  25. . . 


1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
16.. 

16. 
17 
18. 
19 
20. 

21 
22 


R.  8.  Hall 

do 

J.C.  Stevens 

R.  S.  Hall 

Stevens  and  l^ewis . 

R.  8.  Hall 

do 

J.  C.  Stevens 

H.McGlashan 


Width. 


Feet. 
167 


177 
174 
176 
154 


176 
166 


165 


Area  of  j 
section. 


Sq.ft. 
165 


219 
328 
105 
,620 
330 
178 


Gage  Dis- 

height.      charge. 


163 


Feet. 

Sec.-ft. 

3.08 

m 

4.00 

1.330 

3.40 

G5i2 

4.05 

1,440 

2.70 

169 

11.00 

17.500 

4.05 

1,360 

3.02 

414 

1.10 

as 

aoo 

348 

a  Measured  by  floats.  ^  Stream  bed  dry  except  at  left  edge. 

Dady  gage  height  y  in  feet,  of  Umatilla  River  at  Umatilla,  Oreg.,  for  1906. 


Day. 


Jan.  '  Feb.     Mar. 


2.9 
'2.S 
'2.8 


3.4 
"3.'35 


a8 


3.0 
'i"26 


3.2 
3.1 


3.3 
3.25 
"3.2" 


3.0 
"2.95 


3.5 
'3."  4 
'3.'7 


Apr.     May.    June.  1  July.     Aug 


Sept.     Oct.     Nov.     Dec. 


6.4 
'4."9'| 


4.7 


3.5 
'3.' 4* 
3.3' 


8.0 
&3 
5.5 


2.65 

zb" 

2.25' 


1.0 

"i.6 
"  i.  6 


3.7 
'3.9 


3.1 

; 



3.0 

1 

3.0 

2.9 
"3.0" 
'3.5" 


3.6 
"3.'3 
"3.'2 


4.7 


4.6 
"4.2 
'4."6" 


3.16  I 
3.05 


5.0 
■4.5" 


2.0 
"I'.ih' 


1.0 

'i.6' 


2.9 
'2.'85 
'2."9"" 


4.1     I     1.7 

i's"  "i.e'i 
as' Vi.3  ' 


23 

3.0 

24 

25 

.^.6 

26 

27 

3.85 

28. 

29 

3.6 

30 

31 



.5 

4.1 
'3.9' 


3.2 

*:V2 


4.2 
4.1' 


2.85 
'2.'7" 


3.7 
3.6 


3.3 


1.2 

i.i' 


4.0 
*4.'i' 
"3.'9  ' 


2.65 
2.7' 
2.'6' 


3.15  I 
'3.0" 
2.9  " 


1.1 

i.i' 
i.6 


3.8 
'3.'7 


4.2 

"i's' 

'4.'7' 


3.7 
'3.' 6' 


2.6 

2.7  . 

2.8  ■ 
6.85  i. 

10.2    I. 


2.7 
ZH 


1.1 

i.i 
"i.i 


1.1 
i.i 


1.2 
1.2' 
'i.2" 


1.8      2.3 

01  to 


1.2 
"i.'2" 


1.2 
"i.'26 
"i."3" 


1.8 
"1.9 


1.1 

i.i 
"i.i" 


1.85 
"i."86 
i."85" 


2.1 
2.15 
2.1 
2.0 

2.0 
2.1 
2.1 
2.1 
2.1 

2.1 
2.1 
2.1 
2.2 
2.2 


2.3 
2.25 
2.3 
2.3 

2.35 
2.4 

2.4 
2.4 
2.6 

2.6 
2.6 
2.6 
2.0 
3.9 


2,8 

'2.' 75 


2. 15  !    3. 8 
2. 2        3. : 


2.7 

"i"i" 

3.2 

"  '3.3 

"is* 

I.'l 


1.2 
'i.'2" 

"i.'2' 


l.H 

"i.'s" 


2.2 
2.2 
2.3 

2.3 
2.25 
2.25  ' 
2.3 


3.6 
3.4 
3.3 

3.2 

3.r 

3.1 
3.0 


2.3    I     3.0 


2,3 
2,3 
•2.3    ; 
2.35 
2.4    : 
2.35 


2.95 

2.9 

2.9 

2.9 

2.85 


3.2 
a.  15 

ai 
ao 

ft.  2 

til 

5l2 
4.7 
4.5 

4.6 

4.9 

4.65 

4.45 

4..') 

4.3 


Rating  table  for  Umatilla  River  at  Umatilla,  Oreg.,  for  1906. 


Gago 
height. 

Dis- 
charge. 

height. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. 

Gace 
height. 

Dis- 
chargi>. 

Gage 
height. 

Dis- 
charge. 



Feet. 

Sec.-ft. 

Feet. 

Src.-ft. 

Feet. 

Src.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

1.10 

0.1 

2.10 

21 

a  10 

400 

4.20 

1,670 

6.20 

5,220 

1.20 

.2 

2.20 

32 

a  20 

485 

4.40 

1,975 

6.40 

5,(20 

1.30 

.3 

2.30 

45 

3.30 

576 

4.60 

2,290 

6.(j0 

6,030 

1.40 

.4 

2.40 

60 

a  40 

675 

4.80 

2.620 

6.80 

f>,450 

1.50 

.5 

2.50 

80 

S.-W 

775 

6.00 

2,miO    . 

7.00 

6.880 

1.60 

.7 

2.  GO 

108 

3.60 

8S.5    , 

5.20 

a  310  1 

8.00 

9,200 

1.70 

1.5 

2.70 

146 

a  70 

1,000 

5.40 

3,6-5 

9.00 

11.800 

1.80 

as 

2.80 

194 

a  80 

1,125 

5.ti0 

4.050 

10.00 

14,580 

1.90 

7.5 

2.90 

252 

a  90 

l,2.'i0 

5.80 

4,435 

11.00 

17,500 

2.00 

13 

a  00 

320 

4.00 

1,3X5 

6.00 

4,825 

1 

Note.— The  above  tabl««  is  applicable  only  for  opon-channcl  conditions.    It  is  baaed  on  discharge 
measurements  made  during  1903-1906  and  is  well  denned  between  gage  heights  2  feet  and  7  feet. 
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Monthly  discharge  of  Umatilla  River  at  UmatUla^  Oreg.,/f/r  1906. 
[Drainage  area,  2,130  square  mUeii.] 


Month. 


Ma3d-  i 


J  anuary 1 ,  190 

February 1 ,  520 

Marrh 3, 070 

April ; 3,680 

May 15,200 

June 9,200 


July. 

August 

September. . 

October 

November.. 
D<«ember. . 


Theyear 15,200 


127 
a2 
7.5 

eo 

1,250 
5.020 


arge  in  second-feet. 

Run-off. 



Total  In 



Minimum.  1      Mean. 

acre-feet. 
30,300 

Sec.-ft.  per 
sq.  mile. 

Depth  in 
inches. 

194             492 

0.231 

a27 

252              691 

38,400 

.324 

.34 

485           1,130 

69.500 

.531 

.61 

830    '      1,860 

111.000 

.873 

.97 

108              983 

60.400 

.462 

.53 

146           1,690 

101,000 

.793 

.88 

0                15.0 

022 

.007 

.01 

0      1              .094 

5.8 

.000044 

.00006 

0.2  !            2.46 

146 

.0012 

.001 

3.5            31.9 

1,960 

.015 

.02 

3&5           323 

19.200 

.152 

.17 

146           1,180 

72,600 

.554 

.64 

700 


505.000 


.329 


4.45 


Note.— Values  are  rated  as  follows:  January  to  June.  Novt'inl)er  and  Decemlx^r,  oxeeilcnt;  July  and 
October,  fair;  August  and  September,  approximate.  Dlschaigos  interpolated  for  days  on  wliich  gage 
heights  were  not  observed. 

MISCELLANEOUS    MEASUREMENTS. 

The  following  miscellaneous  measurements  were  made  in  Umatilla 
River  drainage  basin  during  1906: 

Meacham  Creek  at  Gihhon,  Oreg. — A  measurement  was  made  from 
the  highway  bridge  one-half  mile  east  of  the  Bingham  Springs  rail- 
road station  February  1,  1906.  The  water  surface  was  8.72  feet 
below  the  lower  end  of  the  ifloor  plank,  5.3  feet  from  the  left  end  of  the 
truss. 

Width,  45  feet;  area,  130  square  feet;  discharge,  189  second-feet. 
Minnehaha  Spring  near  Hermiston,  Oreg. — The  following  measure- 
ment was  made  May  7,  1906: 

Width,  6  feet;  area,  2.7  feet;  discharge,  2.6  second -f(M*t. 
Wild  Horse  Creek  near  Pendleton j  Oreg.     A  measurement  was  made 
February  26,  1906.     The  water  surface  was  7.42  feet  below  a  tack 
in  the  upstream  side  of  the  bridge. 

Width,  16  feet;  area,  13  .scjuare  feot ;  discharge,  22  second-foot. 

Ducharge  measurements  of  Umatilla  River  mar  Foslers^f^  ()n<j..  in  lUaf}  a. 


Date. 


Novemlx»r  11. 
December  4. . 
Decern  Ijer  22. 
December  28. 


1905. 


Januarys... 
January  13.. 
January  17.. 
January  29.. 
February  9.. 
February  17. 
March2 


190t}. 


Vldth. 

An-a  of 

(iago 

I) 

s- 

.s«<'tion.  1 

h.'ight. 

cha 

rg.'. 

Ft  ft. 

Sq.ft.     ' 

Ffft. 

Str 

-ff. 

m 

oT} 

i.as 

M) 

S2 

\(¥\ 

1.7,S 

227 

115 

if,U 

2. 10 

4i;{ 

W> 

124 

1.S4 

2<n 

100 

1 

1.S0 

219 

110 

157  1 

2.  IS 

420 

IK) 

KKi  i 

2.  IS  ' 

42t) 

13S 

2(i7 

2.W 

l.mK) 

117 

1»U  , 

2. 12 

423 

105 

12<» 

I.  s,-) 

2S4 

l.'iK 

272 

2.y5 

1.140 

a  At  highway  bridge,  4  miles  below  Echo,  Grog. 
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.  Discharge  meaguretnent^  of  Umatilla  River  at  Pendleton^  Oreg.,  %n  J 906. 


T)iite. 


January  31a.. 
February  36.. 
Febnary  Ua., 
February  26  6. 
March  21a.... 


Width. 


Area  of 
section. 


Feet. 

89 
104 

82 
115 

85 


Di»- 
cfaazs<p- 


Sq.ft.  I      Feet.     I  Sec.-fl. 

297  ; 5K2 

144             4.48  1  540 

246  '          4.  aO  2.!^ 

196  I          4. 78  '  ftB 

254  I          4.:S  317 


a  From  Oregon  Railroad  and  NavigHtion  Company's  railway  bridge. 
6  From  highway  bridge. 

CANALS    IN    UMATILLA    RIVKR    VALLEY,    OREGON. 

The  points  of  diversion  of  these  canals  and  the  points  of  measure- 
ment are  described  in  Water-Supply  Paper  No.  178,  pages  190  to 
201,  where  are  also  given  the  data  collected  during  1905. 

Discharge  vieasurements  of  canals  in  Umatilla  River  Valley ^  Oregon,  in  1906. 
HORSESHOE  IRRIGATION  COMPANY'S  CANAL,  YOAKUM. 


March  3. 
May  4... 


Date. 


|wi<ith.;^rn'! 


(lage 
KMpnt. 


h<Mpl 


Feet.        Sq.ft. 


4      I 
3.4  I 


SLUSHER  AND  GOULD  CANAL,  NOLIN. 


'2      I. 
1.4  1 


Dw- 
chansp. 


Sec.-fl. 


2.5 

87 


January  6 . 
March  3... 


4.2 

4.1  I 


3.5  I 

1.6  , 


CHARLES  LISLE  CANAL,  ECHO. 


January  6 . . . 
January  17.. 
February  8. . 
February  17 . 
May  4 


7.6, 

7.7  I 
7.3  I 

9.8  , 
8.2  I 


6.9 

0.99 

1.9 

7.0 

.94 

1.8 

•5.8  1 

.82 

1.8 

9.2  1 

1.24 

.<M 

6.9  1 

.98 

3.85 

MILL  CANAL,  ECHO. 


January  6 . , . 
January  13. . 
January  17.. 
Februarys.. 
February  17. 

March  3 

May  4 


9.4  I 

9.7  , 

9.8  I 

5.1  ■ 

8.0  I 

5.5  , 


11^ 


4.6 
7.2  I 
L9  ' 


h58 
1.67  I 
L58  I 

.89 
L40  I 
1.82 

.99  , 


5.2 

6.6 

7.0 

.56 

4.0 

7.8 
1.3 


MILL  CANAL  WASTE  WAY,  ECHO. 


December  28. 


January  6... 
January  17.. 
Februarys.. 
February  17. 
March  2 


190t>. 


7.0 
7.2 
4.8 
6.7 
7.2 


5.2 


5.8 

7.0 

1.4 

5.02 

7.4 


LIO 


L13  I 
L20 

.34  , 

.92 
L20 


3.8 


4.3 

5.0 

0.18 

4.S6 

7.5 
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Discharge  measvremenU  of  canals  in  Umatilla  River  Valley,  Oregon,  in  J90i' — Cont'd. 

WILSON  &  CO.'S  CANAL,  ECHO. 


FebruATT  8. 
May  4 


Date. 


^^**^^"-|  wection.     height,      charge. 


Feet. 
7.6 
7.1 


Sq.ft.    t     J^eet.     \   Sec.-ft. 
4.6  ■         2.72  I  4.2 

3.2  1.58  1  2.6 


ALLEN  CANAL,  ECHO. 


December  28. 


Januarys.. 
January  17. 
March  2.... 
Mays 


1906. 


10.2 

16 

10.2 

16   1 

10.3 

16 

9.7 

6.9 

10.7 

^' 

1.25  , 
1.25 


13 
12 
2.8 
29 


.\LLEN  CANAL  WA8TEWAY,  ECHO. 


Januarys 

January  17  «. 
February  9.. 
February  17. 

March  2 

Mays 


Januarys... 
January  13.. 
January  17.. 
February  8.. 
Februar>'  17 . 

March  2 

May  5 


HINKLE  CANAL,  ECHO. 


5.2! 

5.5 

4.7 

6.0  .. 
3.7 
2.2 
2.4  , 
2.5; 

0.75 

7.3 
10 

5.2 
3.6  , 
3.5 
3.6 

.52 
.30 

.28 
.29 

3.14 
.47 
.44 
.7 

14 

14 

13.8 

14 

14.4 

14 

15 

16 

12 

11 

12.7 

13 

16 

2;> 

1.70 
1.70 
1.71 
1.91 
1.50 
1.73 
2.43 


14 
15 
15 
20 
9.3 
14 
42 


December  28. 


January  15  «• . . 
February  16  e^ 
May7..: 


PIONEER  CANAL,  ECHO. 


January  5. . 
January  17. 
May  5 




—   

8.2 

3.4 

9.7 

5.1 

12.4 

23 

IIERMISTON  CANAL,  HEKMISTON. 
190-^. 
1906. 


15.3 


15. 4 
16.0 
19.0 


0.80  i 
.98  . 
1.58  I 


l<'i 

29 

0. 62 
1.34 

2.2 
4.33 
54 


II 
17 
39 


May  7. 


BEITLE  CANAL,  HERMISTON, 

:.z.:z'z.::.:...j  3.;i 


0.92 


OREGON  LAND  AND  WATER  COMPANYS  CANAL,  UMATILLA. 


!«ay7 

November  25. 


13.5  I 
4.8  , 


a  Measured  above  wasteway. 


bAt  headgate. 


19 
4.1 


c  Below  headgate. 


1.4 


44 

13 
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Discharge  measursnienie  of  canals  in  Umatilla  River  Valley.  Oregon,  in  1906. — Cont'd. 

BROWNE LL  CANAL,  HERMISTON. 


December  29. 


January  15. 
May7 


Date. 
1905. 
1906. 


I  Width  i  ^^^  <*'  t     ^^  ""- 

I  w><*^°-   section.     hci3»t.  ,   chargi*. 


Feet.  I    Sq.ft. 

5  2.S 


4.3 
A.  4 


January  5 . . 
January  15. 
May  3...... 


MAXWELL  CANAL,  ECHO. 
~..T...^."....^....~^.J        5^ 


5.4  I 
10.4  I 


1.6  ' 
2.0  I 
8.4 


Feet.        Stc.-fr. 
0.9H  I  o.»i: 


1.72  ! 
1.58 


4.0 
10 


0.31  '  a  7? 

.30  I  1.0 

ir» 


WlliljOW  CRK>]K  I>RA1NA<;E  BA8IK. 

DESCRIPTION    OF   BASIN. 

This  stream  rises  in  the  timbered  foothills  of  the  Blue  Mountains 
and  flows  northwestward  into  Columbia  River  near  Arlington.  Its 
drainage  area  throughout  is  timberless,  and  is  composed  of  high,  rolling 
table-lands  used  for  the  production  of  wheat  and  as  range  for  cattle 
and  sheep.  The  creek  is  small  but  is  subject  to  excessive  and  sudden 
floods.  In  1903  this  stream  was  the  scene  of  the  disaster  at  Hepp- 
ner,  where  over  one  hundred  lives  were  lost  from  a  sudden  flood 
lasting  scarcely  more  than  an  hour.  The  waters  of  this  stream  are 
used  to  some  extent  for  irrigation  in  the  immediate  valley. 

WILLOW    (^REEK    NEAR   ARLINGTON,  OREO. 

This  station  was  establislied  December  17,  1904,  and  was  aban- 
doned July  21,  1906,  on  account  of  poor  conditions.  It  is  located  at 
the  wagon  bridge  at  Rhea  siding,  9  miles  from  Arlington,  Oreg.  The 
station  was  maintained  as  a  flood  station  and  miscellaneous  measure- 
ments (mly  are  made  during  the  summer  season. 

During  1906  the  gage  w^as  read  by  G.  R.  Hufl".  The  conditions  at 
this  station  and  the  bench  marks  are  described  in  Water-wSupply  Paper 
No.  17S,  page  202. 

VUchdnjc  nu'tuvirciiientH  (if  WUlow  Creek  iwar  Arlmjgton^  Oreg.,  in  1906. 


DaU'. 

Hydrogmpher. 

1  Width. 

Area  of  I 
aection.  , 

Ctace 
height 

chaiise- 

February  7. . . 
February  28. . 

March  31 

April  19 

June  9 

June  9 

i 

.■  F.  C.  Dillard. 
.'  R.  S.  Hall 

1 

,    Feet. 

1      24 

23. 5 

51  I 
107 

Feet. 

a  15 
a4o 

See.-4i. 
33 

55 

.,  F.  C.  Dillard. 
.'  J.  r.  Stevens. 

26 

2a5 

307 
32 

.,  R.  S.  Hall.... 
.' do 

1      24.5 

1   ^* 

363 

o  Oage  not  read. 
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Day 


Daily  gage  height,  in  feet  j  of  WiUaw  Creek  near  Arlington^  Oreg.,for  1906 

Mar.     Apr.     May 


Mar.     Apr.  ;  May. 


9. 
10. 
11. 
12. 
13. 
14. 
15. 
l»i. 


1.8 

L8 

1.75 

1.8 

1.8 

1.75 

1.35 


June.    July 


L52 

2.8 

a85 

L52 

2.7 

.8 

L5  - 

2.5 

.75 

1.52 

2.4 

.65 

L55 

2.3 

.6 

L5 

2.2 

.6 

L52 

2.1 

.6 

1.62 

2.0 

.6 

L76 

1.9 

.55 

L8 
1.7  I 
1.6  I 
1.5  I 
1.4  I 
1.35 
L3 


.5 

.5 

.45  j 

.45 

.45  ! 

.4 

.45 


44 

3.9 
a65  ■ 

a9 

4  05 
a  75  i 

as  > 
a2  I 
ao 
ai   . 

2.8    I 
2.6 
2.6 
2.45  I 
2.3 

ai  I 


uly. 

Day.         ; 

1. 15 

17  .  . 1 

1.1 

18 , 

1.0 

1  19 • 

.95 

20 1 

.95 

21 1 

95 

22 

.95 

23 

9 

24 

.'85 

25 

85 

26 

.9 

27 1 

9 

1  28 

.9 

1  29 

.85 

30 

.8 

31 

.8 

' 

1.35 

1.26 

1.6 

L2 

1.5 

1.15 

L45 

1.1 

L4 

1.1 

L98 

1.1 

2.45 

LI 

2.3 

1.1 

Z4 

LI 

415 

LI 

ao 

LO 

ai 

LO 

2.7 

.9 

2.4 

.9 

2.4 

a45 

.45 

.45 

.45 

.45 

.45 

.45 

-45 

.5 

.5 

.6 

.55 

.5 

6l7 

&0 


June.    July. 


0.8 

.8 


.8 
.8 


Note.— Some  ice  March  12  and  13;  discharge  not  corrected. 

Rating  table  for  Willow  Creek  near  Arlington,  Oreg,,far  1906. 


Gage 
height 

Dis- 
charge. 

'h^^t. 

Dis- 
charge. 

Gage 
height 

Dis- 
charge. 

Gage 
height 

Dis- 
charge. 

l|   Gage 
1  height 

Dis- 
charge. 

Feet. 

Sec.-ft 

Feet. 

Sec.'fl. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Sec.-ft. 

a40 

10 

L20 

35 

2.00 

100 

2.80 

224 

atiO 

421 

aso 

12 

L30 

41 

1     2.10 

112 

2.90 

244 

a  70 

454 

a6o 

14 

L40 

48 

i    2.20 

125 

1    a  00 

2t>5 

1    a  80 

489 

a  70 

16 

L50 

55 

1    2.30 

139 

a  10 

286 

ago 

.526 

aso 

19 

.   Leo 

63 

li    2.40 

154 

a  20 

309 

1    400 

565 

a9o 

22 

L70 

72 

Z50 

170 

a3o 

334 

;   &00 

965 

LOO 

25 

L80 

81 

2.60 

187 

a4o 

361 

i     6.00 

1.365 

LIO 

3U 

L90 

90 

•     ^70 

205 

aso 

390 

7.00 

1,765 

Note.— The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  Iwsed  on  4  discharge 
nieasuit>ments  made  during  1906  and  is  not  well  denned. 


Monthly  discharge  of  Willaiv  Creeh  near  Arlington,  Or  eg.,  for  1906. 

Mouth. 

Discha 
Maximum. 

625 
224 
1,640 
725 
32 

rge  in  seconcj 
Minimum. 

44 

22 
10 
32 
19 

-feet. 
Mean. 

115 
7L1 
109 
221 
22.1 

Total  in 
acrc-foet 

M^m\x, 

7,070 

April 

4,230 

Mky ;: 

6,700 

June 

13  200 

July  1-21 

920 

The  period 

32,100 

Note.— Values  are  rated  as  follows:  May,  approximate;  remainder  of  period,  fair. 

JOHN   DAY  RIVKR   DRAINAGE   BA8IN. 

JOHN    DAY   RIVER   AT    MCDONALD,  GREG. 

John  Day  River  rises  in  the  Blue  Mountains  in  nortlieastern  Oregon, 
at  an  elevation  of  about  5,000  feet,  and  flows  northward  into  Colum- 
bia River.  The  lower  90  miles  of  the  stream  flows  in  a  comparatively 
deep  canyon  from  which  it  is  impracticable  to  take  water  for  irriga- 
tion. The  surrounding  coxmtry  is  rolling,  timberiess  land,  partly 
cultivated  and  partly  desert.  The  upper  portions  of  the  stream  are 
more  broken  and  mountainous,  and  large  areas  are  well  timbered. 
The  river  is  fed  by  innumerable  tributaries  draining  timbered  moun- 
tain slopes.     The  main  stream  is  formed  by  the  junction  of  three 
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important  streams  called  North,  Middle,  and  Soutli  forks  of  John 
Day  River.  The  rainfall  in  the  drainage  area  varies  from  25  inches 
on  the  headwaters  to  9  inches  at  the  mouth  of  the  river. 

The  waters  of  the  numerous  mountain  tributaries  are  used  exten- 
sively for  irrigating  small  valleys,  for  mining,  and  for  power  purposes. 
Irrigation  is  not  practiced  in  the  lower  portion  of  the  stream  to  any 
considerable  extent. 

This  station  was  established  November  14,  1901.  It  is  located  at 
the  ferry  at  McDonald,  16  miles  above  the  mouth  of  the  river  and  18 
miles  southwest  of  Arlington,  Oreg.  The  conditions  at  the  station 
and  the  bench  marks  are  described  in  Water-Supply  Paper  No.  178, 
page  203,  where  are  given  also  references  to  publications  that  contain 
data  for  previous  years. 

Discharge  ineasurements  of  John  Day  River  at  McDonald ^  Oreg.,  %n  1906, 


Date. 


Ilydrographer. 


Feljruary  6 

February  23 

March  15 

April2 

April  17 

MAy2 

Junes 

July  6 

Noveml>er  23. . . 


F.  C.  Dillard... 

U.S.  UaU 

do 

F.  C.  Dillard... 
J.  C.  Stevens... 

R.  8.  Hall 

do 

do 

n.  McGlashan. 


Width. 

Area  of 
section. 

Ga«e 
heigbt 

FeeL 

Dis- 

FeeL 

*'•?» 

S<c.-/i. 

263 

2L35 

V*, 

282 

1,140 

3.88 

2,t*.JU 

273 

910 

a  10 

1.710 

319 

2,050 

&70 

10.  dJl> 

314 

1,640 

&50 

6.MU 

309 

1,430 

4L70 

4.7ri' 

322 

1.860 

&16 

8.t»7n 

278 

797 

2.69 

1.240 

268 

624 

1.97 

«5 

Daily  gage  height,  in  feet,  of  John  Day  River  at  McDonald,  Oreg,,  for  1906. 


Day. 


1 
2 
3 
4 
5 

6 
7, 
8 
9 
10 

11. 
12 
13. 
14. 
15 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

»;. 

27. 
28. 
29. 
30. 
31. 


Jan.      Feb. 


1.80 
1.90 
1.85 
1.78 
1.80 

1.85 
1.88 
1.90 
1.85 
1.90 

1.90 
1.90 
1.88 
1.90 
1.90 

2.00 
2.00 
2.10 
2.30 
2.18 

2.10 
2.05 
2.00 
2.25 
2.60 

2.96 
2.92 
2.80 
2.58 
2.50 
2.42 


2.40 
2.52 
2.58 
2.42 
2.42 

2.35 
2.35 
2.30 
2.20 
2.15 

2.20 
2.18 
2.12 
2.12 
2.20 

2.20 
2.20 
2.28 
2.30 
3.35 

3.&S 
3.70 
3.85 
3.50 
3.25 

3.20 
3.10 
3.10 


Mar. 


3.80 
3.55 
3.25 
3.15 
3.10 

3.10 
3.05 
3.15 
3.75 
4.15 

4.50 
4.25 
4.75 
3.40 
3.15 

3.10 
3.00 
2.90 
2.95 
3.00 

3.00 
3.00 
3. 35 
4.55 
5.05 

6,55 
6.40 
6.55 
6.30 
6.10 
6.50 


Apr. 

May. 

7.50 

4.70 

6.72 

4.68 

6.05 

4.62 

5.45 

4.58 

5.35 

4.52 

5.45 

4.55 

5.60 

4.35 

6.00 

4.15 

5.92 

4.05 

5.90 

3.98 

6.85  ' 
5.55  I 
5.25 
5.05  I 
5.00 

1 
5.12 
5.;J5 

5.m 

5.35 
5.12 

5.10 
5.25 
5.60 
5.60 
5.50 

5.35 
5.22 
6.00  I 
4.85  , 
4.72  I 


3.92 
3.98 
3.98 
4.00 
3.80 


6.98 
6.48 
6.20 
6.10 
6.78 

6.82 
6.55 
6.15 
5.80 
5.70 

5.45 
5.25 
6.05 
4.95 
4.72 


3. 70  4.  55 

3.80  4.60 

3.05  i  4.72 

3.50  4.50 

3. 40  4. 15 


3.28 
3.25 
3.30 
3.40 
3.40 

3.30 
3.40 
3.40 
3.50 
3.50 
7.86 


4.00 
3.88 
3.78 
3.60 
3.50 

3.40 
3.45 
3.30 
3.35 
3.40 


Fuly. 

Aug. 

Sept. 

3.22 

1.55 

1.45 

3.06 

1.55 

1.45 

2.98 

1.66 

1.40 

2.88 

1.50 

1.40 

2.78 

1.60 

1.40 

2.68 

1.50 

1.40 

2.60 

1.60 

1.40 

2.50 

l.dD 

1.40 

2.48 

1.45 

1.40 

2.42 

1.46 

1.35 

2.42 

1.46 

1.35 

2.32 

1.45 

1.40 

2.28 

1.45 

1.40 

2.20 

1.40 

1.45 

2.12 

1.82 

1.45 

2.05 

1.88 

1.46 

2.00 

1.70 

1.62 

2.00 

1.66 

1.65 

1.92 

1.60 

1.75 

1.90 

1.60 

1.75 

1.90 

1.60 

1.70 

1.85 

1.60 

1.70 

1.80 

1.50 

1.70 

1.80 

1.46 

1.65 

1.75 

1.45 

1.60 

1.70 

1.46 

1.60 

1.70 

1.45 

1.60 

1.65 

1.48 

1.60 

1.60 

1.50 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

Oct. 


Nov.  1  Dec. 


1.5: 

1.55 
1.55 
1.55 
1.65 

1.55 
1.56 

1.55 
1.60 
1.60 

1.60 
1.60 
1.60 
1.60 
1.60 

1.60 
1.60 
1.60 
1.65 
1.65 

1.70 
1.70 
1.70 
1.70 
1.76 

1.75 
1.75 
1.75 
1.75 
1.75 
1.76 


1.75 
1.75 
1.76 
1.75 
1.75 

1.75 
1.72 
1.82 
1.85 
1.85 

1.85 
1.02 
2.00 
1.95  > 
2.00  ! 

1.95  I 
2.00 
2.40 
2.30 
2.22  I 

2.20  I 
2.10 
2.00 
2.00 
2.10  I 

2.00 
1.05 
1.90 
1.05 
1.00 


1.70 
1.90 
1.80 
I.S5 
1.85 

1.9S 
1.96 
2.00 
2-00 
2.10 

2,30 
2-30 
2.15 
2.1>^ 
2,2S 

2.30 
2-15 
2.10 
2.00 
2.10 

2,10 
2.20 
2.25 
2.55 
2.f!8 

2,75 
3.00 
4.10 
3-75 
3.45 
3.25 


Digitized  by 


Google 


JOHN    DAY   RIVER   DRAINAGE   BASIN. 


137 


Rating  table  for  John  Day  River  at  McDonald^  Oreg.,/or  1906. 


Gage 
height. 

Feet. 
I.OO 

Dis- 
charge. 

Gage 
hei^t. 

Dis- 
charge. 

Gage 
heij^t. 

Feet. 
3.00 

Dis- 
change. 

Sec.-ft. 
1,615 

'"-& 

Feet.  . 
2.00 

'"^- 

1.10 

85 

2.10 

625 

3.10 

1,760 

1.20 

lis 

2.20 

715 

3.20 

1.890 

1.30 

145 

2.30 

810 

3.30 

2.035 

1.40 

180 

2.40 

910 

3.40 

2,185 

l.iBO 

220 

2.50 

1,015 

3.50 

2,345 

'     l.CO 

265 

2.60 

1,125    1 

3.60 

2,515 

,     1.70 

320 

2.70 

1,240 

3.70 

2,690 

1    1.80 

385 

2.80 

1,360 

3.80 

2,870 

!     1.90 

460 

2.90 

1,485 

Gage 
height. 

Dis- 
charge. 

Gase 
heii^t. 

Dis- 
charge. 

Feet. 
3.90 

8ec.-ft. 
3,050 

Feet. 
5.60 

Sec.-ft. 
7,060 

4.00 

3,240    1 

5.80 

7,500 

4.20 

3,650    1 

6.00 

8,150 

4.40 

4.090 

6.20 

8,710 

4.60 

4,550    - 

6.40 

9,290 

4.80 

5.020    , 

6.60 

9,880 

5.00 

5,500 

6.80 

10,480 

5.20 

6,000 

7.00 

ii,ioa 

5.40 

6,620    1 

1 

1 

8.00 

14,310 

Note.— The  ahove  table  is  applicable  onlv  for  open-channel  conditions.    It  is  based  on  discharge 
measurements  made  during  1905-6  and  is  well  defined  Itelow  gage  height  6.0  feet. 

Monthly  discharge  of  John  Day  Rxver  at  McDonald,  Greg.,  for  1906. 
[Drainage  area,  7,800  square  miles.] 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

S«?ptember 

October 

November 

December 

The  year 


Discharge  in  second-feet. 

Total  in 

Run-off. 

Maximum. 

Minimum. 
372 

Mean. 

acre-feet. 

Sec.-ft.  per 
sq.  mile. 

0.086 

Depth  in 
inches. 

1,550 

672 

41,300 

0.10 

3.010 

643 

1,280 

71,100 

.164 

.17 

9,730 

1,480 

3,820 

235.000 

.490 

.56 

12,700 

4,830 

6,860 

408,000 

.879 

.98 

13.800 

1.960 

3,31« 

208,000 

.435 

.50 

11,000 

2,040 

5.600 

331,000 

.713 

.80 

1,920 

265 

700 

46,700 

.097 

.11 

445 

180 

236 

14,500 

.030 

.03 

352 

162 

234 

13,900 

.030 

.03 

352 

242 

288 

17,700 

.037 

.04 

910 

352 

.506 

30,100 

.065 

.07 

3.440 

320 

969 

59,600 

.124 

.14 

1.3.800 

162 

2,050 

1,480.000 

.262 

3.53 

Note.— Values  are  rated  as  excellent. 

MISCELLANEOUS    MEASUREMENTS. 

The  following  miscellaneous  measurements  were  made  in  John  Day- 
River  drainage  basin  in  1906: 

Canyon  Creek  at  Canyon  City,  Oreg, — The  reference  point  is  a  cross 
cut  in  the  top  of  a  cap  of  a  bent  on  the  right  bank  downstream  side  of 
the  highway  bridge. 

July  2,  width,  27  feet;  area,  22  square  feet;  gage  height,  —8.00  feet;  discharge,  50 
eecond-feet. 

Rock  Creek  at  Rockcreek,  Oreg, — Rockcreek  is  a  station  on  the  Ore- 
gon Railroad  and  Navigation  Company's  Condon  branch,  6  miles 
above  the  mouth  of  the  creek.  Measurements  are  made  at  a  high- 
way biidge  near  the  railway  station.  The  reference  point  is  on  top 
of  the  f  ^st  projecting  beam  from  the  left  bank  on  upstream  side  of 
the  brio  r;e;  elevation,  15  feet  above  the  datum  of  the  assumed  gage. 

Febni&iv  fi,  width,  24  foet;  area,  33  pquare  feet;  gage  height,  5.67  feet;  discharge, 
36  second- KH't. 

Februar>'  23  width,  40  feet;  area,  62  square  feet;  gage  height,  ().48  feet;  discharge, 
122  second-f  ,  t. 

March  16,  width,  30  feet;  area,  63  square  feet;  gage  height,  6.07  feet;  discharge,  87 
secpnd-feet* 
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DESCHUTES  RHTER  DRAINAGE  BASIN. 

DESCRIPTION   OF  BASIN. 

Deschutes  River  and  its  tributaries  drain  the  eastern  slope  of  the 
Cascade  Mountains  in  Oregon.  The  main  stream  flows  northward 
parallel  to  this  range  and  empties  into  Columbia  River  15  miles 
above  The  Dalles.  Its  drainage  area  may  be  divided  into  two  parts: 
The  tributaries  from  the  west  drain  the  timbered  slopes  of  the  Cas- 
cade Range;  those  from  the  east  drain  the  timberless  areas  of  high 
table-lands  which  are  devoted  largely  to  the  production  of  wheat 
and  to  ranges  for  sheep  and  cattle.  The  soil  throughout  is  composed 
of  disintegrated  lava  rock,  interlaid  with  porous  lava  and  basalt,  a 
fact  which  no  doubt  accounts  for  the  remarkable  constancy  in  the 
flow  of  this  river  and  its  tributaries  from  the  west.  The  maximum 
discharge  is  only  about  four  times  the  minimum.  The  stream  is 
therefore  the  most  valuable  in  the  State.  Its  power  possibilities 
are  phenomenal,  and  its  upper  portions  furnish  an  abundance  of 
water  for  the  irrigation  of  the  fertile  table-lands.  Its  principal 
tributaries  are  West  Fork,  Tumalo  Creek,  Squaw  Creek,  Crooked 
River,  Metolius  River,  Warm  Springs,  and  White  River,  all  of  which 
are  used  for  irrigation,  power,  and  logging  purposes. 

DESCHUTEvS    RIVER '  NEAR    LAVA,    OREG. 

This  station  was  established  February  17,  1905,  about  1  mile  north 
of  Lava,  Oreg.  The  conditions  at  this  station  and  the  bench  marks 
are  described  in  Water-Supply  Paper  No.  178,  page  212. 

Discharge  measurements  of  Desehutes  River  near  Lava,  Oreg.,  in  1906. 


Date. 


Hydrographer. 


AprU  14 !  I.  Landes.... 

May  I do 

May  12 | do 

June  12 do 

June  21 J.  C.  Stevens. 


Width. 


Feft. 

66.5 
67.0 
56.0 
61.0 


Area  of 
section. 


Sq.ft. 
181 
231 
248 
215 
210 


Gage 
heigEt. 


Feet. 
6.21 
6.96 
7.15 
6.94 
6.67 


chAi^ge. 


Stc.-fU 
317 
422 
•feS 

413 


Daily  gage  height,  infect^  of  Deschutes  River  near  Lava^  Oreg.,  for  1906, 


8. 
9. 
10. 


Day. 


Jan.  ' 

Feb. 

Mar. 

Apr. 

May.  1 
7.0    1 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

5.4 

5.7 

6.3 

5.6 

6.ti5 

6.46 

6.6 

5.2 

6.16 

5.1 

S.4& 

5.35 

5.7 

5.2 

5.6 

6.9    ' 

6.6 

6.4 

6.6 

6.15 

5.15 

5.1 

S.Z& 

6.  .35 

5.7 

5.25 

6.65 

6.9    1 

6.7 

6.3 

6.6 

5.15 

5.15 

5l1 

5l4 

5.35 

5.6 

5.2 

5.6 

6.9 

6.65 

6.3 

6.5 

6.15 

5l15 

&1 

5-45 

5.45 

5.45 

5.25 

5.7 

6.96  1 

6.6 

6.36 

6.5 

5.15 

&15 

5.2 

5l45 

5.5 

.'j.4 

6.2 

5.H5 

7.0    1 

6.85 

6.35 

5.46 

6.15 

5.16 

5.3 

&4 

5.5 

5.4 

5.2 

6.0 

7.05  1 

7.0 

6.36 

6.46 

&I5 

5.15 

5.3 

5.4 

5.5 

5.45 

5.3 

6.1 

7.1     ' 

7.0 

6.35 

6.46 

5.15 

5.16 

5.35 

5. 45 

5.5 

5.4 

5.25 

6.15 

7.16  , 

7.06 

6.36 

&4 

5.2 

&1 

5.55 

5l45 

6.5 

5.35 

5.2 

6.2 

7.15  ' 

7.1 

6.3 

5.4 

5.2 

6^1 

&66 

&4 
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Daily  gage  height,  in  feet,  of  Deschutes  River  near  Lava,  Oreg.,  for  1906 — Continued. 


Day. 


Jan.     Feb.     Mar.     Apr. 


11. 
12. 
13. 
14. 
15. 


-  5.6  5.3 

.  5.6  I    5.25 

.  5l6  5.15 

.  5.6  ,     5.1 

.1  5.6  I    5.15 


5.35  6.25 

5.65.  6.25 

&  75  I  6. 2 

5.5  a  25 

5.5    i  6.35 


16 1     Si  75  I     5.15 

17 '     5.75J     5.1 


18. 
19 
30. 

21. 

22. 


5.8 

.1     5.7 
.1    5.85 

.  .J 

5.95 


5.5  i 
5.55  I 
5.5 


5.15 

5.65  1     5.5 

5.4         5.5 


5.3 
5.35 

23 ,    &95  I    5.4 

24 1    5.95       5.45 

25 ,     6.1     ,     5.4 


26. 
27. 
28. 
29. 
30. 
31. 


.  6.1 

.1  6.1 

.'  6l1 

.;  6.1 

.1  5.9 

-I  5.9 


5.3 
5.3 
5.4 


6.5 

6.65 

6.82 

6.9 

6.9 

6.95 
7.05 

7.18 
7.28 


5.5 
5.55  I 
&7    I 

5.6         -._„  , 
&75  I    7.35 


5.7 

5.6  ' 
6.7 

5.7  I 
5.8 
5.85 


May.   June.  I  July. 


7.15 

7.15 

7.2 

7.25 

7.35 


7.15  ; 
7.0 
6.95 
6.85 
6.85  I 


7..3.'5  I     6. 85  ' 
7.35       6.85 


7.4 

7.35 

7.1 

6.95 

6.8 

6.75 

6.65 

6.65 


7.35 

6.6 

7.35 

6.6    1 

7.25 

6.8    ' 

7.2 

6.85 

7,1 

7.0 

7.05 

6.85 

6.8 

6.75 

6.7    I 
6.6 
6.55 
6.5    , 
6.45 

6.5    I 

6.5 

6.45 

6.45 

6.45 


6.2 
6.2 
6.2 
6.2 
6.15 

6.15 

6.1 

6.1 

6.1 

5.95 

5.95 

5.85 

5.8 

5.75 

5.75 

5.7 

5.65 

5.65 

5.65 

5.6 

5.55 


Aug.     Sept.  ,   Oct. 


5.4 

5.5 

5.45 

5.4 

5.4 


5.25  5.1 

5. 25  I  6. 15 

5.3    I  5.15 

5.3    I  5.2 

5.35  I  5.2 


5.4  5.3    I  5.2 

5.35  I  5.3    i  5.3 

5.3    I  5.3    I  5.3 

5.3  5.3    I  5.3 

5.3    ,  5.25.  5.25 


5.3    I 
5.3 
5.35  , 
5.3 
5.3    I 

5.3    , 
5.26 
5.25  I 
5.2 
5.2    I 
5.2     . 


5.2 
5.2 
5.2 
5.2 
5.2 

5.2 
5.2 
6.2 
5.2 
5.2 


5.2 

5.2 

6.15 

6.15 

6.16 

5.1 
5.1 
5.1 
6.1 
6.1 
5.1 


Nov. 


6.6 

6.66 

6.0 

6.65 

6.65 

6.65 

5.9 

5.9 

6.9 

6.85 

6.^ 

5.8 

6.7 

5.45 

6.46 

6.46 
6.46 
6.45 
6.46 
6.46 


Dec. 


6.4 
6.7 
&4 
5.3 
6.46 

6.4 

5.35 

6.4 

5.45 

5.6 

5.65 

6.7 

6.65 

5.76 

6.86 

5.86 

6.9 

6.0 

6.9 

5.8 

5.8 


Note.— From  January  1  to  March  22  there  was  some  obstruction  from  Ice,  which  formed  and  then 
went  out  ag>iin.  sometimes  reaching  a  thickness  of  0.6  foot.  There  was  also  some  ice  November  23  to 
December  8.     Discharges  have  been  applied  as  for  open  channel. 

Rating  table  for  Deschutes  River  near  Lava,  Oreg.,for  1905-6. 


Dis- 
charge. 

Gage 
height. 

Dis- 
charge. , 

Gage 
height. 

Dis- 
charge. 

Sec.-ft. 

1 

,    Feet. 

Sec.'ft. 

Feet. 

Sec.-lt. 

205 

6.«j0 

329 

7.20 

496 

•223 

6.70 

Z;>5 

7.30 

528 

242 

6.80 

382 

7.40 

559 

2»)2 

1    6.90 

410    1 
439 

283 

'     7.00 

3a5 

7.10 

^  1 

Note.— The  alx>ve  table  is  applicable  only  for  open-channel  conditions.  It  is  based  on  11  dischaigo 
measurements  made  during  1905-6  and  is  well  defined  between  gage  heights  6.0  feet  and  7.6  feet.  Below 
gage  height  6  feet  the  measurements  are  inconsistent. 

Monthly  discharge  of  Deschutes  River  near  Lava,  Oreg.,for  1906. 

[Drainage  area.  880  square  miles. J 


Discharge  in  second-feet. 

Total  in 
acre-feet. 

Run-off. 

Month. 

Maximum  '  Minimum. 

Mean. 

Sec.-ft.  per 
sq.  mile. 

Depth  in 
inches. 

January 

223                 120 
160  '                 97 
180  ■               106 
544  1                147 

160 
123 
136 
332 
445 
3tW 
220 

10,200 
6,830 
8,:3(JO 
19,800 
27,400 
22,000 
13,J00 
7,500 
6,430 
6,3.30 
8,1.50 
8,850 

0.189 
.140 
.155 
.377 
.500 
.419 
.250 
.139 
.123 
.117 
.156 

0.22 

February 

.15 

March 

.18 

April 

.42 

Mav 

55U 
483 
294 
135 
120 

329 
294 
141 

.58 

June..                  .        

.47 

Julv       

.29 

Aupiist 

100  1            122 
102  '            108 

.16 

Sop'tember                        

.14 

October 

115  '                 97              103 
188  ;                 89              137 

.13 

November..      .     .. 

.17 

December 

205  1               115 

144 

.  1<^                .  19 

3.10 

The  year 

6S9 

89 

200 

145,000 

.228 

Note.  —Values  are  rated  as  fair. 
8078— IBB  214—07 10 
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DESCHUTES   RIVER   AT    WEST^S   RANCH,  NEAR   LAVA,  OREG. 

This  station  was  established  June  20,  1906.  It  is  located  at  a 
private  bridge  .on  B.  F.  West's  ranch,  16  miles  above  Bend.  It  is 
below  the  mouth  of  West  Fork  and  of  Spring  River  and  above  all 
important  diversions. 

The  channel  is  straight  for  200  feet  above  ajad  100  feet  below  the 
station.  The  right  bank  is  low,  sparsely  wooded,  and  liable  to 
overflow  at  rare  intervals;  the  left  is  high  and  rocky  and  will  not 
overflow.  The  bed  of  the  stream  is  partly  of  rock  and  partly  of 
gravel,  and  will  change  only  during  floods. 

Measurements  are  made  from  a  private  highway  bridge  con- 
structed of  logs.  The  initial  point  is  a  mark  on  the  guardlog  of  the 
bridge,  nearly  over  the  gage. 

The  gage,  which  is  read  by  B.  F.  West,  is  a  2  by  4  inch  timber 
spiked  to  the  approach  on  the  right  bank.  The  bench  mark  is  a 
spike  in  the  north  side  of  the  base  of  a  lone  yellow  pine,  75  feet 
upstream  from  the  bridge  on  the  left  bank;  elevation,  17.44  feet 
above  the  datum  of  the  gage. 

Discharge  measuremenU  of  Deschutes  River  at  WesVs  raivch,  near  Lava.  Oreg.,  in  I9(*6, 


Date. 


Ilydrographer. 


April  13 1  1.  Landes 

May  20 do 

June  12 do 

June  20 1  Stevens  and  Landes. 

August  23 :  C.  W.  Allen 


I  Width. 


Feet. 
107  1 
no  ! 
110 

no 

105 


Area  of  ' 
section. 


Sq.ft. 
588 
652 
649 


GSLKC 

heigbt. 


Feet. 
9.06 
9.42 
9  30 
9.30 
8. 85 


I>is- 


I 


Sec.-ft. 

1.910 
1.400 


Daily  gage  height,  infect,  of  Deschutes  River  at  WesVs  ranch,  near  Lava,  Oreg.,  for  1906. 
Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 


July. 


Aug.  I  Sept.    Oct.  I  Nov.  I  Dec. 


8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9 

8.9     ! 

8.9 

8.9 

8.9 

8.9 

8.85 

8.85 


8.8 

8.8 

8.8 

8.8 

8.8 

8.8 

8.8 

8.8 

8.8 

8.75 

8.8 

8.75 

8.8 

8.75 

8.8 

8.75 

8.8 

8.75 

a8 

8.75 

8.8 

8.75 

8.8 

8.78 

8.82 

8.75 

8.85 

8.75 

8.85 

8.75 

8.85 

8.75 

8.7 

8.7 

8.7 

8.7 

8.75 

8.  75 

8.8 

8.8 

8.8 

8.88 

8.85 

8.  85 

8.8 

8.8 

8.85 

8.9 


8.75 
!  8.  75 

8.75 
!  8.  75 

8.75 

8.75 
I  8.8 

8.8 
I  8.8 
'  8.8 
I  8.8 
I  8.75 

8.75 
I  8.8 

8.8 
I  8.78 


Day. 


17. 
I  18.. 
I    19., 

20. 

I    22.. 

,  Zi. 

,24. 

25. 

.  26., 

I;  27.. 

I  28.. 

I    29. 

30. 

I   31., 


I 


July.   Aug. 

I  8.85 

'  8.85 

8.86 

i  8.85 

9.0     ass 

9.0    i  &85 

a98  I  a85 
a95 
a  95 
a95 
a  95 
a  95 
a  95 
a  92 
a90 


Sept. 

Oct. 

a85 

a  75 

a85 

a  75 

a85 

a  76 

as 

a  75 

as 

a  75 ; 

as 

a75 

as 

a7 

Nov,   m^c. 


a86 

as 

1  a7 

1  a85 

as 

a7 

'  a85 

as 

1  8.7 

a  85 

as 

a7 

a  86 

as 

a  7 

as 

as 

a? 

as 

as 

a7 

as 

1 

a  7 

1    1 

a95 

9.0 

a95 ; 

a9 
a9 

a9 
as 
as   , 
a82 
a  75  I 
a?   ' 
a  72  , 
a72  I 
a  75 


8.8 

S.S 

8-S5 

8.  So 

K^5 

R9 

8.9 

8.9 

8.9 

&98 

9.0 

9.0 

a  95 

R95 
S.9 


Rating  table  for  Deschutes  River  at  West's  ranch,  near  Lax^a,  Oreg.,  for  1906. 


Gace  I     Dis-     |    Gage        Dis-     li    Gage  |     Dis- 
hcignt.   charge.  '  hef 


Qt. '  charge.  \  helgnt.   charge. 


Feet.  Sec.-ft.  '  Feet. 
a  70  I  1,290  a  90 
a  80         1,360    ,1    9.00 


Sec.-ft. 
1,430 
1,510 


Feet.  '  Sec.-ft. 
9.10  ,  1,590 
9.20    I     1,680 


Gage        Dis- 
height.   charge. 

Gage 
height. 

Dis- 
charge. 

Feet.      Sec.-ft. 
9.30         1,780 

1       ! 

Feet. 
9.40 

Sec.-ft. 
1,900 

Note.— The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  5  discharge 
measurements  made  during  190(3  and  is  well  deflnea. 
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Monthly  discharge  of  Deschutes  River  at  WesVs  ranch,  near  Lava^  Oreg.^Jor  1906. 

[Dralnnge  area,  1,240  square  miles.] 

Discharge  in  second-feet. 


Month. 


July  21-31.. 

.\UgU9t 

September. . 

October 

November., 
December.. 


The  period. 


I  Maximum. 


Minimum. 


1,510 
1,430 
1,400 
1,360 
1,510 
1,510 


1,430 
1,360 
1,360 
1,290 
1,290 
1,320 


Mean. 


1,470 
1,410 
1,370 
1,320 
1,370 
1,390 


Tot&lln 

Runn 

acre-feet. 

Sec.-ft.  per 
sq.  mile. 

32,100 

1.19 

86,700 

1.14 

81,500 

1.10 

81,200 

1.06 

81,500 

1.10 

85,500 

1.12 

448,000  I 


Depth  in 
Inches. 


0.49 
1.31 
1.23 
1.22 
1.23 
1.29 


Note.— Values  are  rated  as  excellent. 


DESCHUTES   RIVER    AT    BEND,  OREG. 

This  station  was  established  December  22,  1904.  It  is  located  at 
the  wagon  bridge  known  as  Sizemore's  bridge,  IJ  miles  south  of 
Bend,  Oreg. 

On  account  of  backwater  from  logs  and  other  disturbing  influences 
the  gage  heights  at  this  station  are  no  index  of  the  discharge,  which 
is  practically  the  same  as  at  West's  ranch.  The  conditions  at  the 
station  and  the  bench  marks  are  described  in  Water-Supply  Paper 
No.  178,  page  208,  where  are  given  also  references  to  publications 
that  contain  data  for  previous  years. 


Discharge  VLeasuranenis  of  Deschutes  River  at  Bendy  Oreg.^  in  1906. 


Date. 


Ilydrographer. 


.\prill9 1  I.  Landes.... 

June  19 '  J.C.Stevens 


Width. 


Feet. 
370.5 
376 


Area  of 
section. 


883 


Gage 
height. 

Feet. 

1.78 
2.11 


Dis- 
charge. 

Sec.'ft. 
1,680 
1,880 


DESCHUTES    RIVER   NEAR   BIGGS,    OREG. 

This  station  was  established  July  7,  1906.  It  is  located  at  Taylor's 
ranch,  IJ  miles  above  the  junction  of  the  river  with  the  Columbia, 
about  the  same  distance  above  the  Oregon  Railroad  and  Navigation 
Company's  bridge,  and  1  mile  above  Moody's  toll  bridge. 

The  channel  is  straight;  the  banks  are  overgrown  with  alder  and  not 
liable  to  overflow.  The  bed  of  the  stream  is  of  rock  and  gravel,  free 
from  vegetation,  and  liable  to  shift  slightly.  There  is  but  one  channel 
at  all  stages.  There  is  a  good  even  current  at  the  gaging  section; 
a  little  lower  down  it  is  considerably  broken  by  falls  and  rilBles. 

Measurements  are  made  from  a  car  and  cable  of  490  feet  span. 
The  initial  point  for  soimdings  is  8  feet  from  the  inside  of  the  shear 
leg  on  the  left  bank.  There  is  a  tagged  wire  overhead  and  a  stay- 
line  100  feet  upstream. 

The  gage,  which  is  read  by  Wilbur  Taylor,  is  150  yards  below  the 
point  of  measurement,  on  the  right  bank.     It  is  in  two  sections  and 
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is  bolted  to  alder  trees.  The  bench  mark  is  the  top  of  three  20-penny 
nails  driven  into  the  trunk  of  the  alder  tree  to  which  the  lower  part 
of  the  gage  is  anchored;  elevation,  5.46  feet  above  the  datum  of 
the  gage. 

Discharge  measuTevients  of  Deschutes  River  near  Bigys,  Oreg.^  in  1906. 


Date. 

Ilydrogniphor. 

.    L.  R.Allen 

do 

.    1.  E.Oakea 

.    Stevens  and  Oakes 

Width. 

Feet, 

452 

449 

4a5 

...   .             450 

Area  of 
section. 

(Jage 
height. 

Dis- 
charge. 

July7 

August  30 

September  29.. 
Octolier  18 

Sq.  ft. 
1.610 
1.550 
1,530 
1,530 
1.650 

2.63 
2.34 
2.30 
2.35 
2.64 

Sec.-ft. 
6.010 
5.1« 
5.000 
5  ."CO 

December  17. . . 

.    H.  D.  McOlashan 

449 

5.710 

Daily  gage  height,  in  feet,  of  Deschutes  River  near  Biggs,  Oreg.^for  1906. 


Day. 
1 

July. 

Aug. 

24 
24 
24 
24 

Sept.   Oct. 

23  '    23 
23       23 
23  1    23 
2  3  1    2  3 
23       23 
23       23 
23       23 
23       23 
23       23 
23       23 

Nov. ;  Dec. 

2  a5     2  56 

235    

235     255 

235    

2  a5     2  55 
235     255 

245    

a  25     2  66 

Day 
17 

July. 

1 
Aug. 

24 
24 
24 

Sept. 

23 
23 
23 
23 
23 
23 
2  3 
23 
23 
23 
23 

Oct.    Nov 

23      a6 
235     a46 

2a5    

235  ,  ai 

235  ,  2« 
2  35     2  75 
235 

Dw. 
263 

2 

1 

18 

3 

19 

20 

2  65 

4 

1 

24 
24 

24 

24 

24 

24 

24 

24 

24 

24  1 

24  1 

24 

5 

24 
24 
24 
24 
24 

21 

as 

6 

22 

23 

24 

25 

26 

....      24 

....      24 

....     24 

2^4 

;    ;j.25 

7 

8... 

235     27 

235    

235     265 
9  an 

1    a  IS 

9 

'  ai 

10.. 

24 

9  O         9  AO 

24 

11 

24 
24 
24 
2  4 
24 
.4 

23       23     -^n    lifi 

27 

24 
24 
24 
24 
24 

a  OS 

12 

23      .23 
2  3       2  3 

28 

23     24       26 

23     239    

23     236     258 
235    

13 •     .. 

.^  K      2  .w 

29 

a  03 

14 1 

2  3       2  3     a  65' 

2  3       2  3  ,  4.  1       2  .55 
2  3       2.^  '  .^tl 

30 

an 

15 

31 

29^ 

16 

Deschutes  Riva 

i 

'<at\ 

D 
cha 

ng  table  for 

•  n^ar  Bi 

Dis- 
charge. 

Sec.-ft. 
7.020 
7,260 
7.500 
7,750 

ggs,  Oreg.Jor  1906. 

Gage 
height. 

is- 
rge. 

140 
370 
600 
830 

Gage   ■     DIs-         Gage 
height,   charge,    height. 

heigit. 

Dis- 
charge. 

Gaae  '     Dis- 
heigbt.   charge. 

Feet 
2.30 
2.40 
2.50 
2.60 

Set 
5, 
5. 
5, 

5, 

Feet. 
2.70 
2  80 
2.90 

.aoo 

Sec. 
6.0 
6.» 
6.5 
0,7 

-ft.       Feet. 
80         a  10 
30         a  20 

40       a30 
w      a  40 

Feet. 
a  50 
a  60 

a  70 
a  80 

Sec.-ft. 
8,000 
8.250 
8,500 
8.750    ' 

Fee 
a9C 
4.0C 
4.1C 

Sec.'ft. 
)        9,000 
)    .     9.250 
)        9,500 

Note.— The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  baaed  on  5  discharge 
measurements  made  during  1906  and  is  fairly  well  aeflned  belpw  gage  height  2.7  feet. 

Monthly  discharge  of  Deschutes  River  near  Biggs,  Greg.,  for  1906. 

[  Drainage  area,  9,180  squant  miles.] 


Discharge  in  second-feet.        i 


Month. 


July  22-31.. 

August 

Septeml)er. 

October 

Noveralier. 
December.. 


Maximum.   Minimum. 


5r370  ' 
5.370 
5. 140 
5.740 
9,500 
8.000  , 


5,370 
5,370 
5.140 
5.  KO 
5,2tX) 
5.720 


The  period . 


Mean.    ! 


5.370 
5.370 
5. 140 
5.220 
6, 640 
6,360 


Total  in 
acre-feet. 


Run-off. 

Sec.-ft.  per  Depth  m 
sq.  mile.       inches. 


106,000 
330.000 
306.000  I 
321.000  , 
395.000  ! 
391,000 

1,850.000  '•. 


0.585 
.5a5 
.560  t 
.569  I 
.723  ! 
.093 


0.22 
.ti7 


.SI 

.SO 


Note.— Valueii  are  rated  as  fair. 
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EAST  FORK  OF  DESCHUTES  RIVER  AT  ODELL,  OREO. 

This  station  was  established  December  25,  1904,  at  Odell  post- 
office.  The  conditions  and  the  bench  marks  are  described  in  Water- 
Supply  Paper  No.  178,  page  210,  where  are  given  also  references  to 
publications  that  contain  data  for  previous  years. 

Discharge  measurements  of  East  Fork  of  Deschutes  River  at  Odeli^  Oreg.,  in  1906. 


Date. 


Hydrographer. 


April  II I.  Landes 

May  21 do ^.... 

Juno  14 do 

June  21 Stevens  and  Landes . 


Width. 


Area  of 
section. 


Feet. 

Sq.ft. 

24 

34 

25 

43 

25.5 

47 

25.5 

44 

Gage 
height. 

Dis- 
charge. 

Feet. 
2.70 
3.15 

a  3. 40 

Sec.-ft. 
63 
101 
118 
109 

o  Gage  height  uncertain. 
Daily  gage  height,  in  feet  j  of  East  Fork  of  Deschutes  River  at  Odell,  Oreg.jfor  1906. 


Day. 


1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

2fi. 
27. 
28. 
29. 
30. 
31. 


Jan.  ,  Feb.     Mar.     Apr.     May. 


2.1 
3.1 
3.0 

ao 

3.0 

3.0 
3.0 
3.0 
3.0 


3.2 
3.2 
3.2 
2.8 
2.8 

3.1 
2.9 
2.9 

2.8 


2.8    I    2.9 


2.8 
2.8 
2.9 


3.0 
3.1 
3.1 


2.9 

3.1 

3.1 

3,0 

3.1 

3.0 

2.4 

3.1 

2.2 

3.2 

2.2 

3.2 

2.18 

3.35 

as 

3.0 
3.4 
3.4 
3.4 


3.5 
3.3 
3.3 
3.0 
2.85 


I 


3.4    I    2.85 

2.9    I    2.8 


3.2 
3.2 
3.2 
3.2 


3.25 


3.1 

2.7 

3.05 

3.1 

3.0 

2.9 
2.9    j 
3.0    I 
2.9 
2.85 

2.9. 
2.8 
2.5 

ao 

2.9 

2.8 
2.7 
2.7 
2.8 
2.8 

2.8 
2.85 

a2 

3.1 
3.1 

3.0 
3.0 
2.75 
2.65 
2.7 

ai 


2.6 
2.6 
2.92 
2.6 
2.55 

2.75 

2.5 

2.8 

2.85 

2.85 

2.7 
2.7    I 
2.75  , 
2.8 
2.9 

ao 
ao 
ao 
ao 
ao 

a3 
a  4 
a  4 
a  4 
a  45 

as 
a  25 
a  2* 
a  2 
a  25 


a25 
a  25 
a  3 
a35 
a  4 

a5 
as 
a  45 
as 
ass 

ass 
ae 
a  6 
a  7 
a  7 

,  a  6 
a  4 
a3 
ai 

I  ao 

ai 

ai 

2.9 
2.9 
2.9 

ao 
ao 
a3 
a  2 
a  2 
ai 


June. 


ai 
ai 
ai 
a  2 
a  3 

a4 ' 
a3  ! 
as , 
a  3 
a  2 

a  2 
as 
as 
a  4 
a  4 ' 

as 
as 
a  4 
a  2 
ai 

ai 
a  I 
ai 
ao 
ao 

ao  i 
ao ,. 
ao 
ao 
ao 


July. 

Aug. 

ao 

2.4 

ao 

2.4 

2.9 

2.4 

ao 

2.3 

ai 

2.3 

ai 

2.3 

ao 

2.2 

2.9 

2.2 

2.8 

2.2 

2.8 

2.2 

2.75 

2.2 

2.75 

2.3  , 

2.7 

2.3 

2.7 

2.3 

2.7 

2.3  ; 

2.7 

2.3 

2.7 

2.3 

2.7 

2.3 

2.6 

2.3 

2.6 

2.3 

2.65 

2.3 

2.5 

2.3 

2.5 

2.3 

2L  2  ;  2. 2 

2.2  ;  2.2 

2.2  2.2 

2.2  2.2 

2. 2  2. 2 


2.5 
2.5 

2.45 
2.45 
2.45 
2.45 
2.4 
2.4 


2.5  I 
2.5 

2.5 
2.5 
2.5 
2.2  , 

2.2 
2.2  I 


2.5 
2.5 
2.5 
2.5 
2.5 

2.5 
2.5 
2.3 
2.4 
2.4 

2.3 
2.3 
2.3 
2.3 
2.2 

2.2 
2.2 
2.2 
2.2 
2.2 

2.2 

2.2 
2.2  I 
2.2  ] 
2.2 


Nov.     Dec. 


1 


2.2 
2.2 
2.2 
2.2 
2.2 

2.2 
2.2 
2.2 
2.2 
2.2 

2.2 

2.65 

2.3 

2.3 

2.3 

2.65 
2.65 
2.65 
2.65 
2.2 

2.2 
2.2 
2.2 
2.2 
2.2 
2.2 


2.2 
2.2 
2.2 
2.3 
2.3 

2.4 
2.6 
2.4 
2.4 
2.4 

2.65 
2.65 
2.65 
2.65 
2.4 

2.7 

2.6 

2.65 

2.4 

2.6 

2.6 

2.55 

2.5 

2.08 

2.65 

2.85 
2.85 
2. 65 
2.7 
2.65 


I 


2.75 
2.65 
2.7 
2.75 

2.5 

2.5 
2.5 
2.5 
2.5 
2.5 

2.7 
2.6 
2.5 
2.5 
2.4 

2.5 
2.5 
2.5 
2.6 
2.5 

2.5 

2.45 

2.4 

2.45 

2.5 

2.7 
2.6 
2.5 
2.5 
2.5 
2.4 


Rating  table  for  East  Fork  of  Deschutes  River  at  Odell,  Oreq„for  1906. 


Gage 
he^t.  I 

Feet. 
2.10 
2.20 
2.30 
2.40 


Dis- 

Gage 
height. 

Feet. 

Dis- 

Gage 
height. 

Feet. 

Dis- 

(Jagp 

Dis- 

Gage 

Dis- 

charge. 

charge. 

charge. 
Sec.-ft. 

height. 

charge. 

height. 
Feet. 

charge. 
Sec.-ft. 

Sec.'ft. 

Feet. 

Sec.-ft. 

24 

2.50 

2.90 

81 

a  30 

121 

a  70 

174 

30 

2.60 

56 

a  00 

90    ' 

a  40 

133 

36 

2.70 

64 

a  10 

lOO 

a  50 

146 

42 

2.80 

/2    ' 

1 

a  20 

110 

a  60 

160 

Note.— The  above  table  is  applicable  only  for  open-channel  conditions.     It  is  based  on  3  discharge 
measaremfints  made  during  190B  and  the  form  of  previous  curves  and  is  fairly  well  defined. 
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Monthly  (Hscharge  of  East  Fork  of  Deschutes  River  at  Odell,  Oreg.,for  1906. 
[Drainagip  airta,  196  square  miles,  j 


Month. 


January 

Febraary.. 

March 

April 

May 

June 

July 

August 

8epteml)Gr. 

()ctolK»r 

November. 
December. . 


The  year. . 


Diachaige  in  second-feet. 

Run-off. 

Total.in 

Maximum. 

Minimum. 
29 

Mean. 

88.8 

acre-feet. 
5,460 

Sec.-ft.per 
sq.  mile. 

Depth  in 
inches. 

146 

0.454 

0.52 

146  ■                72 

97.6 

6,420 

.496 

.52 

110 

60 

80.8 

4,970 

.413 

.48 

140 

49 

88.7 

5,340 

.458 

.51 

174 

81 

124 

7,620 

.633 

.73 

146 

90 

110 

6.640 

.562 

.fj3 

100 

42 

65.2 

4,010 

.333 

.38 

49 

30 

37.8 

2,320 

.19(i 

.23 

49 

30 

36.2 

2,150 

.185 

.21 

60 

30 

35.4^ 

2,180 

.182 

.21 

77 

30 

52.0^ 

3,090 

.265 

.30 

68 

42 

52.0 

3.200 

.265 

.31 

174 

29 

73.0 

52.300 

.522 

5.10 

Note.  -Values  an^  rated  as  fair. 

WEST   FORK   OP   DESCHUTES    RIVER   NEAR   LAVA,  OREO. 

This  station  was  established  February  20,  1905,  about  l^niiles  west 
of  Lava,  Oreg.  The  conditions  and  the  bench  marks  are  described  in 
Water-Supply  Paper  No.  178,  page  214,  where  are  given  also  refer- 
ences to  publications  that  contain  data  for  previous  years. 

Discharge  vieasiirejnents  of  West  Fork  of  Deschutes  River  near  Lava^  Oreg.,  in  1906. 


Date. 


Hydrographer. 


April  13 f  I.  Landea 

Iiiay2 ' do 

May  13 ' do 

June  11 do 

June  21 Stevens  and  Landed . 


Width. 


Area  of 


Dis- 


section. I  heignt.      charge. 


Feet. 

Sq.fl. 

Feet. 

99 

453 

7.91 

100 

4()8 

8.10 

1        100 

485 

8.30 

101 

485 

8.39 

101 

484 

8.26 

Sec.-ft. 

910 
SK) 
942 
9m 
914 


Daily  gage  height,  in  feet,  of  West  Fork  of  Deschutes  River  near  Lava,  Oreg.,  for  1906. 


Day. 

Jan. 

1 
.'.'.  "s-oi' 

;:;  "i.io 

...1     7.62 

...      7.62 
. . .      7.  (>5 
. .      7.  (50 
. .      7.  (K) 

Feb. 

7.52 
7.50 
7.50 
7.50 
7.50 

7.50 
7.50 
7.50 
7.50 
7.50 

7.50 
7.  .50 
7.50 
7.50 
7.50 

7.50 
7.  .5.5  , 
7.G2  i 
7.70  1 
7.(V5  1 

Mar. 

Apr. 

May. 

June. 

July. 

Aug, 

Sept. 

Oct. 

Nov. 

Dec. 

1 

8.05 

? 

8.10 

7.90 



3 

7.50 

4 



., 

8.15 



«) 

--.. 

H.50 

8.35 

8.10    

i 



8,00 

G 

7 

7.80 

1 

8.01 

1 

H 

8.15 

8  10 

9 

8.00 

8.00 

10 

. . .      7.  (50 
'    7.60 

7.(50 

n 

8.15 

8.00 
7.90 

12.. 
13 

..|    7.(i0 
-J    7.70 

7  iV) 

' 

"8.36' 

8.40 

8.  is 

8.10 

14 

8.00 

8.20 

15 

790 

1(> 

...      7. 8.5 
. .      7.  (V2 
. .      7. 70 

..'   7.m 

..1    7.60 



a  10 

8.10 

17 

7.40 



8.40 

18 

8.15 

19 

... 



"8.30 





8.10 

::::::: 

8.00 


20.. 
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DaUy  gage  height,  in  feet,  of  West  Fork  of  Deschutes  River  near  Lava,  Oreg.,  in  1906— 

Continued. 


Day. 

Jan. 

Feb. 

Mar.     Apr    \  May. 

1            1 

June. 

July. 

Aug. 

Sept. 
8.01 

Oct. 

Nov. 

Dec. 

21 

7.55 
7.60 
7.66 
7.66 
7.60 

7.60 
7.58 
7.55 
7.55 
7.55 
7.55 

7.60 
7.60  1 
7.60  1 
7.60  1 
7.60  ' 

8.26 

22 

1 

7.70 

23 

24 

7.50 



&20 

&10 

7.95 

25 

.... 

26 

8.25 

8.15  1 

7.95 

27 

28 

7.50   

8.20 

8.01 

29 

1 

8.00 

30 

:::....i:::. ...:;:: :.... 

::.: ;..j:::.:.: 

7.90 

31 

7.75 

1       1 

&15 

1 



Note.— There  was  some  floating  loe  during  January. 

Rating  tables  for  West  Fork  of  Deschutes  River  near  Lava,  Oreg. 

JANUARY  1,  1905,  TO  APRIL  30,  1906.« 


I   O; 


Feet. 
7.40 
7.50 


Dis- 
charge. 

8ec.-ft. 
837 
852 


Gag. 
het^t. 


Feet. 
7.60 
7.70 


Dis-     I 
charge.  • 


8ec.-ft. 
867 


Oac 
height. 


Feet. 
7.80 
7.90 


Dis- 
charge. 


Sec.-ft. 
902 
922 


Gage 
height. 

Feet. 
8.00 
8.10 


Dis-         Gag. 
charge,  j  height. 


Sec.-ft.  \ 
%42 
963    I 


Feet. 
8.20 


Dis- 
charge. 


Sec.-ft. 
984 


MAY  1  TO  DECEMBER  31,  1906.  b 


7.50    i 

727 

7.80 

802 

8.10 

879 

8.40 

958 

8.50 

985 

7.60 

752 

7.90 

827 

8.20 

905 

, 

7.70 

777 

8.«, 

853 

8.30 

931 

a  Tills  table  is  applicable  only  (or  open-channel  conditions.  It  is  based  on  dischaige  measurements 
made  during  1905-6  and  is  well  de&nea  above  gage  height,  7.7  feet. 

f>  This  table  is  applicable  only  for  open-channel  conditions.  It  is  based  on  4  discharges  measurements 
made  during  1906  and  is  well  defined  above  gage  height  8.1  feet.  The  table  has  lieen  extended  beyond 
these  limits. 

Monthly  discharge  of  West  Fork  of  Deschutes  River  near  Lava,  Oreg.,for  1906. 
[Drainage  area,  360  square  miles.] 


Month. 


January 

February.. 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December . . 


Discharge  in  second-feet. 

Total  In 

Run-off. 

Maximum. 

Minimum.      Mean. 

1 

sec              874 

acre-feet. 
53,700 

Sec.-ft.  per 
sq.  mile. 

Depth  in 
Inches. 

944 

2.43 

2.80 

883 

852              858 

47,700 

2.38 

2.48 

892 

837              860 

52,900 

2.39 

2.76 

984 

902              943 

56, 100 

2.62 

2.92 

965 

892              939 

57, 700 

2.61 

3.01 

958 

905              929 

.W,  300 

2.58 

2.88 

892 

879  ,           889 

M,700 

2.47 

2.85 

892 

WM'.  :            883 

54,300 

2.45 

2.82 

905 

85«              »« 

51,600 

2.41 

2.69 

879 

840              8()2 

53,000 

2.39 

2.76 

879 

827              844 

.50,200 

2.34 

2.61 

879  '               777              834 

51,300 

2.32 

2.08 

The  year . 


985  I 


638.000 


2.45 


33.20 


Note.— Owing  to  the  steady  flow  of  the  river  the  mean  discharge  for  the  days  of  each  month  when 
the  gage  was  read  has  been  taken  as  the  mean  for  the  month.    Values  are  good. 
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CENTRAL  OREGON  AND  PILOT  BUTTE  CANALS,  NEAR  BEND,  OREO. 

These  canals  have  a  common  head-gate  and  are  operated  by  the 
Deschutes  Irrigation  and  Power  Company,  under  the  provisions  of 
the  Carey  Act.  They  divert  water  from  Desclmtes  River  about  3 
miles  above  Bend.  Measurements  are  made  2,000  feet  below  divid- 
ing point.  The  conditions  at  these  stations  are  described  in  Water- 
Supply  Paper  No.  178,  pages  216-217. 

Discharge  measuremenis  of  Central  Oregon  canal  near  Bendy  Oreg.,  in  1906. 


Date. 


Hydrographer. 


,  Width. 


April  18 I.  Landes 

liay  18 1 do 

June  10 do 

June  19 '  J.  C.  Stevens . 

June  10 1  I.  Landes 

June  19 '  L.  R.  Allen... 

August  22 1  C.  W.  Allen... 


Feet. 
13.3 
13.3 
13.3 

ia4 

13.4 

ia4 

13.3 


Area  of  I 
section. 

Sq.ft. 
11 
17  I 
19 
19 
19 
19  , 
25  I 


Gafi 
heiel 


p  Di»- 

it.      charge. 


Feet 
0.80 
1.25  , 
1.45  I 
1.44 
1.44 
1.44  I 
1.87  ! 


Src.-ft. 


35 

W) 

86 

se 

90 
87 
134 


Daily  gage  height,  in  feet,  of  Central  Oregon  canal  near  Bend,  Oreg.^for  1906. 


Day. 


Jan.      Feb.      Mar.  '   Apr.  '  May.    June.  '  July.  ;  Aug.  '■  Sept.  i   Oct. 


Nov.     Dec 


1 

1      1 

1.35 

1.25  ' 

1.25  , 

.80 

1.25 

2 

1.25 

.90  I 

1.25  . 

1.25 

3 

.38 

1.60  1 

1.15  ' 

1.25  1 

1.12 

1.25 

4 

'   .90' 

1.60  1 

1.30  , 

1.25 

1.30 

1.25 

6 

90  1 

1.20  ' 

1.20  1 

1.25 

1.20 

1.25 

6 

90l 

.95  , 
.65  ' 

.60  , 
.60  ' 

1.25  1 
1.25  ' 

1.20 
.60 

1.25 

7 

'  1.00  , 

1.2,5 

8 

55 

.('»5  1 

.m  1 

1.12  1 

.00 

1.35 

9   ..  .  . 

.65  ' 

.90  ■ 
.90 

•  90  , 
.82 

1.20 
1.22 

1.45 

10 

1.45 

11 

.32  ' 

.^5' 

1.20 

1.45 

12 

62' 

.33  1 

.35  1 

1.20  1 

1.20 

1.  45 

13 

43  , 

.32 

.45  j 

1.25  1 

1.20 

1.45 

14 

1.42 

.65  1 

1 

1.25  ' 

1.20 

1.45 

15 

1.50  1 

1. 10 

1.25  1 

1.20 

1.45 

16 

1.20, 

.6,')  1 

.62  1 

1.20 

1.45 

17 

1 

.40  1 

.78  ' 
.90  1 

.85, 

.75  , 

.  75 
.78  ' 
.75 
.80 

1.20 
1.20 
1.20 
1.10 

1.10 
1.10 
1.10 
1.10 
1.10 

1.45 

18 

1 

1.45 

19 

1.45 

20 

1.45 

21 

1 

' 

1.45 

22 

1.48 

23 

1. 53 

24 

1.53 

25 

1.50, 

.5.'> 

1.53 

26 

1.40 

1.05  , 

.82 

1.10 

1.53 

27 

1.25 

..50 

1.05  ' 

.85  ' 

1.  25 

1.53 

28 

,  1.50  1 

.50 

1.12 

.92 

1.2,5 

1.53 

29 

1.40, 

1.20 

1.20  1 

1. 25 

1.  53 

30 

1  1.40' 

1.25  ' 

1.20 

1. 25 

1.53 

31 

,  '-^^1 

1 

1.25  . 

1 

1.25 

.  L 


1.58 
1.58  I 
1.68 
1.58  ' 

l.W  I 

l.W  ' 
1.65 
1.65 
1.67  I 

l.(y9  I 
1.85  I 

1.84  ; 
1.85 

1.85  I 

1.77  ! 
1.70  I 
1.70  I 
1.70, 
1.70  I 
I 
1.70 
1.70  I 
1.70  i 
1.70  I 
1.70  I 

1.80  I 

1.80  i 
1.88  ' 

1.81  I 
1.80  I 
1.79  I 


1.80 
1.80 
1.80  ; 
1.80 
1.80  , 

1.80  i 
1.80  ' 
1.80  ; 
1.80 
1.80  i 

1.80 
1.80  , 
1.80 
1.80  , 

i.a); 

1.87  I 
1.87 
1.87 
1.87  , 
1.87  I 

1.87  J 
1.87  , 
1.87  ' 
1.87 
1.77  I 

1.77 
1.82 

1.87  , 

1.88  ' 
1.87 
1.87    . 


1.87  I 

1.88  , 
1.87 
1.87  ' 
1.87  j 

1.87  I 

1.87  1 

1.86  I 

1.87  , 
1.87 


1.87 
1.87 
1.85 
1.84 
1.84 


1.84 

1.84  I 
1.84 
1.84  , 
1.84 


1.84 
1.84 
1.82 
1.84 
1.84 


1.84  I 
1.84 
1.84  I 
1.84  , 
1.82  I 


1.84 
1.84 
1.82, 
1.84  I 
1.84 

1.84 
1.84 
1.84  I 
1.84  I 
1.84 

1.83  '. 

1.83  . 

1.84  . 
1.84  I 
1.84 

1.82  ' 
1.80 
1.77  ,. 
1.77  ' 

1.77 

1.76 
1.77 

1.77  I 
1.77 

1.76  I 

1.76 

1.77  I 
1.77  ' 
1.77 
1.77 
1.72  ' 


1,68 
1.65 
1.59 
1.08 
1.09 

1.6 

1.48 

1.10 

1.02 

0.51 


1.00 
1.40 


1.60 
1.58 


.38 
.40 
.60 

.77  I 

.90  , 
1.00 
1.10  ' 
1.20 
1.20 


1.09 


.96 
1.09 

1.19 
1.20 
1.20 
1.20 
1.20 

1.20 
1.20 
1.30 
1.38 
1.54 

1.55 
1.55 
1.55 
1.55 
1.55 

1.55 
1.55 
1-55 
1.38 
1.20 

1.30 
1.20 
1.20 
1.20 
1.20 


I 


Note.— The  canal  was  dr>'  on  days  when  the  gagc^  height  was  not  recorded. 

Rating  table  for  ( Antral  Oregon  canal  near  Berul  Oreg.,for  1906. 


Gage  I     Dis- 
hcight.  charge. 


i|   Oapo  I     Dis- 
,  height,  charge. 


Feet. 
0.00 
0.10 
0.20 
0.30 


I  Sec.-ft. 

'  0 

'  ? 

!  8 


Feet. 
0.40 
0.50 
O.fiO 
0.70 


Sec.-ft. 
12 
17 
22 
28 


dago  I     Dis-     I 
height.'  charge.  , 

I  Sec.-ft.  I 
34    1 


Gage  I     Dis- 
hcight.  charge. 


Feet. 
O.SO 
0.90 
1.00 
1.10 


41 
48 
.56 


Feet. 
1.20 
1.30 
1.40 
1..50 


Sec.~ft. 
65 
74 
84 
94 


Gage 
height 

Feet. 
1.60 
1.70 
1.80 
1.90 


DIs- 

I  charge.  I 

Sec.-ft.  I 

105  1 

116  , 
128 

140  ' 


Note.— The  above  table  is  based  qn  12  discharge  measurements  made  during  190S-6and  is  well  defined. 
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Monthly  discharge  of  Central  Oregon  canal  near  Bendj  Or  eg.  y  Jar  1906. 


Janti&iy. .. 
February.. 

March 

April 

May 

June 

July 

August 

S«ptomUir. 

<^to^x»r 

Novemlier. 
I>f«ember.. 


Month. 


Discharge  in  second-feet. 
I  Maximum.   Minimum.  |    Mean. 


The  year. 


96 

^1 

35.2 

2,160 

105 

0 

26.2 

1,460 

74 

0  1 

28,0 

1,720 

70 

12  ' 

49.6 

2,950 

74 

0 

58.0 

3,670 

97 

70 

86.5 

5,150 

138 

103  I 

118 

7,260 

138 

124 

131 

8,060 

i;» 

130 

134 

7,970 

133 

118 

128 

7,870 

114 

0 

48.5 

2,890 

100 

47 

73.8 

4,540 

Total  in 
acre-feet. 


138  I 


Note.— Values  are  rated  as  good. 

Discharge  measuretnents  of  Pilot  Butte  canal  near  Berul^  Oreg.^  in  J 906. 


Date. 


Hydrographer. 


"I  ■ 


April  18 I.  Landes 

May  18 do 

June  10 do 

June  18 L.  R.  .\ilen... 

June  19 '  J.C.  Stevens. 


Vldth. 

Area  of 
section. 

Gage 
height. 

Feet. 

Dis- 
charge. 

Feet. 

Sq.fL 

Sec.-ft. 

31.5 

33 

1.85 

37 

33 

42 

2.10 

62 

33 

51 

2.30 

95 

44 

58 

2.30 

99 

34 

52 

2.30 

99 

Daily  gage  height  y  in  feet  y  of  Pilot  Butte  canal  near  Bendy  Oreg.yfor  1906. 


Day. 


Jan.      Feb.     Mar,     Apr.  I  May.    June.  '  July.     Aug. 


1 

2           

3 

.88 

4 

1.85 

5 

.98 

6 

1.95 

1.05 

8 

9       

10 

1.90 

u   

1.80 

12 

.95 

13 

m!. :::.:. ::::::::::::: 

15 

10 

17 

IH 

19 

20 

21 

22 

23 

24 !     . 

2,5           ..                1 

26 

27 

28 

1.50 
1.75 
.90 

29 

95 

.•» 

1.80 

31 

l.TO 

1.95    

1.95  1.85 

1.95 

I  1.90 

I  1.85 

,  1.85 

I  1.85 

1.95  .  1.82 

1. 95  1. 73 

1.95  1.82 


1.95 
1.95 
1.85 
1.86  I 
1.85 


1.85 
1.85 
1.85 
1.85 
1.85 

1.85 
1.85 
1.85 
1.86 
1.85 

1.90 
.97 

.98 


1.78 
1.95 


1.90 
1.95 


.85  < 


1.85 
1.60 
1.50 
1.62 
l.M 

1.50 
1.(52 
1.62 
1.84 
2.18 

2,30 
2.30 
2.05 
2-05 
2.05 

2.00 
2.45 
2.46 
1.95 
1.95 

1.95 
1.95 
1.78 
2.05 
2.05 

2.  as 

2.06 
2.05 
2.a5 
2.05 


2.05 
2.05 
2.05 
2.10 
2.15 

2.15 
2.15  ' 
2.15 
2.15 
2.22 

2.35 
2.  .35 
2.40 
2.40 
2.40 

2.40  , 
2.40  I 
2.05  I 

2.  as ' 

2.05 

2.10 
2.15 
2.15 


2.15 
2.20 
2.20 
2.35 
2.40 
1.78 


2.15 
2.15 
2.15 
2.10 
2.30 

2.30 
2.30 
2.30 
2.30 
2.30 

2.30  I 
2.30 
2.30  , 
2.30  ' 
2.30 

2.30 
2.30 
2.  :tf) 
2.  .30 
2.30 

2.30 
2.30 
2.30 
2.  .37 
2.42 

2.44 
2.44 
2.44 
2.44 
2.44 


2.44 
2.44  • 
2.44  ; 
2.  44 
2.44  1 

2.44  I 
2.51  I 
2..V.  I 
2.<0  ' 

2.m 

2.  W 

2.  m 
2.  m 

2.  m 
2.()0 

2.W 
2.  (X) 
2.  U) 
2.»i0 
2.5{) 

2.  riO 

2.  m 

2.  m 

2.  »;o 

2.(iO 

2.  no 

2.  fiO 
2.  TfA 

'2.m 

2.nH 

2. :« 


I 


2.(X) 
2.  62 
2.1.0 
2.VJ0 
2.(0 

2.  {'<) 
2.  Vi) 
2.(0 
2.  (iO 
2AJ0 

2.(50 
2.  tiO 
2.(10 
2.(50 
2.(iO 

2.(10 
2.  M) 
2.  CO 
2.  CO 
2.  :i9 

2.f.0 
2.<i0 
2.  CO 
2.»^ 
2.  (» 


2.  C>0 
2.5S 


2.  IS 
1.91 


Note.— The  canal  waa  dry  on  days  when  the  gage  height  was  not  riTorded. 
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SURFACE   WATER   SUPPLY,   1906. 


Gage       Dig- 
it. I  charge, 


Rating  table  for  Pilot  Butte  canal  near  Bend^  Oreg.,  for  1906. 


Dl9-     .   Gag© 
it.   charge,    height. 


Feet. 
0.90 
1.00 
1.10 
1.20 


Sec.'ft. 
2 
2 
3 
5 


Feet. 

Sec.'ft. 

Feet. 

1.30 

1            7 

1.70 

1.40 

10 

1.80 

1.50 

13 

1.90 

1.60 

18 

2.00 

Dis- 
charge. 

;    Oage 
height. 

Feet. 

Dis- 
charge. 

Sec.'ft. 

he^t. 

1     Di»- 
chaiige. 

Sec.-ft. 

Feet. 

Sec.'ft. 

25 

2.10 

61 

2.50 

145    1 

33 

2.20 

77 

2.60 

175 

41 

:     2.30 

97 

1 

49 

2.40 

120 

Note.— The  above  table  is  based  on  discharge  measurements  made  during  1906-6,  and  is  well  defined 
between  gage  heights  1.7  feet  and  2.3  feet. 

Monthly  discharge  of  Pilot  Bvtte  canal  near  Bendy  Oreg.,for  1900. 


January.. 
February. 
March.... 
April 


Month. 


Discharge  in  second-foet.  ^ 

I .    _  Total  in 

I  Maximum. '  Minimum.      Mean.    |  «cre-'«^t- 


May. 
June. 
July. 


August 

September. , 

October 

November. , 
December.. 


45 
45 
45 
132 
120 
130 
175 
181 
135 
135 
77 
43 


The  year. 


181 


0 
0 
0 
13 
31 
09 
108 
0 
93 
19 
2 


10.0 

615 

30.0 

1.670 

lao 

9S4 

50.  S 

a.OJJ) 

79.1 

4,  Mil) 

100 

5,9H) 

162 

9,9»*1 

156 

9,5yiJ 

133 

7.910 

118 

7.2ffl 

19.3 

1.150 

29.9 

1.S40 

7&3 


Note.— Values  are  rated  as  fair. 


TUMALO   CREEK   NEAR   LAIDLAW,  OREO. 

This  station  was  established  May  15,  1906.  It  is  located  about 
one-half  mile  above  the  head-gate  of  the  Columbia  Southern  Canal, 
in  sec.  2,  T.  18  S.,  R.  10  E. 

The  channel  is  straight;  neither  bank  is  liable  to  overflow,  and 
there  is  one  channel  at  all  stages. 

Measurements  are  made  from  a  footlog.  The  initial  point  is  a 
notch  cut  in  the  left  end  of  the  log. 

The  gage,  which  is  read  voluntarily  by  G.  W.  Updike,  the  ditch 
tender,  is  a  1  by  4  inch  pine  board,  graduated  with  brass  tacks, 
driven  in  the  left  bank  at  the  water's  edge  on  the  upstream  side 
of  the  footlog.  The  bench  mark  is  on  top  of  a  fir  stump  5  feet 
from  the  left  bank;  elevation,  6.67  feet  above  the  datum  of  the  gage. 


Discharge  measurements  of  Tumalo  Creek  near  LaidlaWy  Oreg.,  in  1906. 


Date. 


Hydrographer. 


May  15 I.  Landes 

June  9 1 do 

June  16 1  L.  R.  Allen 

June  18 1  Steven.s  and  Landes. 


Width. 

Area  of 
section. 

Sq.ft. 

Gage 
height. 

Feet. 

Feet. 

39 

59 

2.19 

37 

4(1 

1.85 

36 

61 

2.23 

37 

55 

2.06 

Dis- 
ctiarge. 


Sec.-ft. 

218 
144 
236 
202 
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Daily  gage  height,  in  feet,  of  Tumalo  Creek  near  Lcddlaw,  Oreg.,for  1906. 


Day. 


4 

__l    

5:':':::::::t:::::. 

6 1 

? ...J  :.... 

8     

9                 

10       

11 

12 

13             1     

14 1 

15 

2.19 

Iti 

2.90 

1 

1.85 
2.10 
2.25 
2.15 
1.95 
1.90 
1.80 
1.85 
1.85 
1.80 
2.10 
2.15 
2.10 
2.00 
2.55 
2.45 


July. 

1 

Aug. 

Sept, 

Oct. 

2.50 

1.65 

1.50 

1.50 

2.65 

1.55 

1.50 

1.65 

2.60 

1.50 

1.50 

1.60 

2.70 

1.50 

1.50 

1.60 

2.60 

1.50 

1.50 

1.55 

2.45 

1.50 

1.50 

1.52 

2.45 

1.30 

1.50 

1.52 

2.40 

1.55 

1.50 

1.52 

2.20 

1.55 

1.50 

1.50 

2.15 

1.55 

1.50 

1.65 

2.15 

1.55 

1.50 

1.85 

2.10 

1.55 

1.50 

1.70 

2.10 

1.55 

1.62 

1.70 

1.95 

1.55 

1.58 

1.67 

1.85 

1.55 

1.50 

1.80 

1.75 

1.50 

1.50. 

1.65 

Day. 


17, 
18. 
19 
20 
21. 
22 
23. 
24 
25. 
26. 
27. 
28. 
29. 
90. 
31. 


May. 

June. 
2.90 

July. 

Aug. 
1.60 

Sept. 
1.50 

Oct. 

2.20 

1.65 

1.55 

2.40 

2.35 

1.56 

1.50 

1.50 

1.55 

2.50 

2.40 

1.65 

1.50 

1.50 

1.52 

2.00 

2.45 

1.70 

1.50 

1.60 

1.52 

1.95 

2.25 

1.70 

1.50 

1.50 

1.50 

1.90 

2.20 

1.65 

1.50 

1.50 

1.50 

1.92 

2.20 

1.65 

1.50 

1.50 

1.50 

2.00 

2.18 

l.GO 

1.50 

1.50 

1.50 

2.50 

2.60 

1.60 

1.50 

1.50 

1.55 

1.95 

2.40 

1.60 

1.50 

1.50 

2.15 

1.90 

2.10 

1.60 

1.50 

1.50 

1.65 

1.95 

1.90 

1.60 

1.50 

1.50 

1.60 

1.85 

2.05 

1.60 

1.50 

1.50 

1.55 

1.80 

2.20 

1.60 

1.50 

1.50 

1.65 

1.80 

1.60 

l.,50 

1.55 

Rating  table  for  Tumalo  Cre^ih  near  Laidlaw,  Oreg.,for  1906. 


I   Gage 
I  height. 

Dia-     1 
chazge. 

hei^t 

Dis- 
charge. 

Gage 
height. 

Feet. 

Dis- 
charge. 

Gase 
height. 

1    Feet. 

Dis- 
charge. 

Sec.-ft. 

1* 

Dis- 
charge. 

,    Feet. 

Sec-ft.  . 

Feel. 

Sec'/t. 

Sec-ft. 

1    Feet. 

Sec.-ft. 

'     1.50 

80 

1.90 

155 

2.20 

230 

2.50 

315 

1    2.80 

415 

i     1.60 

95 

2.00 

180 

2.30 

255 

2.60 

345 

2.90 

4.'i0 

1.70 

115 

2.10 

205 

2.40 

285 

2.70 

380 

3.00 

490 

1.80 

135 

: 

Note.— The  above  table  is  applicable  only  for  open-«hannel  conditions.    It  is  based  on  4  discharge 
measurements  made  during  1906  and  Is  well  defined  between  gage  heights  1.7  feet  and  2.5  feet. 

Monthly  discharge  of  Tumalo  Cre^h  near  Laidlaw,  Oreg.,for  1906. 
[Drainage  area,  90  square  miles.] 


Month. 


May  15-31.. 

June 

July 

August 

September. . 
October 


Discharge  in  second-feet. 


Maximum. 


450 
345 


Minimum. 


99 
218 


135 
135 

88 
80 
80 
80 


Mean. 


210 
219 
182 
82.6 
81.0 
98.5 


The  period . 


Total  In 
acrt»-f6et. 


7.080 
13,000 
11,200 
5,060 
4,820 
6,060 


47,200 


Run-off. 


S*«.-ft.  pel 
sq.  mile. 


2.34 
2.44 
2.01 

.918 
.900 
1.09 


Depth  in 
inches. 


1.48 
2.72 
2.32 
1.06 
1.00 
1.26 


NOTB.— To  give  the  natural  Bow  at  this  station,  the  discharge  of  Wymer  canal  should  be  added. 
Values  are  rated  as  good. 

TUMALO  CREEK  NEAR  BEND,  OREG. 

This  station  was  established  October  6,  1906,  to  take  the  place  of 
the  station  on  Tumalo  Creek  near  Laidlaw  during  the  winter  months 
when  no  gage  reader  is  available  at  the  latter  place.  It  is  located 
at  the  highway  bridge  on  the  Bend-Sisters  road,  about  5  miles  from 
Bend,  Oreg. 

The  channel  is  straight  for  175  feet  above  and  300  feet  below  the 
station.  The  right  bank  is  high;  the  left,  low.  There  is  a  single 
channel. 
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The  gage,  which  is  read  by  W.  P.  Downing,  is  a  pine  board  attaclied 
to  the  river  face  of  the  abutment  at  the  southeast  comer  of  the 
bridge. 

Discharge  measurements  of  Thimalo  Creek  near  Bend,  Oreg.,  in  1906. 


Date. 


January  13. 
April  19.... 
October  6.. 


Hydrographer. 


Ivan  Landes. 

do 

C.  L.  Swain.. 


Width. 


Feet. 
24 
26 


Area  of 
section. 


Sq./L 
31 
35 


Dia- 
charg*?. 


Feet.        Sec.-ft. 


1.23 
1.52 
.40 


53 

m 


n  Estimated. 
Daily  gage  height  ^  in  feet,  of  Tvmalo  Creek  near  Bend,  Oreg.,for  1906. 


Day. 


1. 

2 

3 

4 

5 

6 

0.40 
.40 
.42  , 

7 

8 

9 

.40 

10 

.40 

11 

.38  1 

1  Oct.  I  Nov. 


1.4 

1.35 

1.4 

1.4 

1.4 

1.45 

2.2 

2.45 

1  5 

3.1 

l.S.") 


II 


Day. 


1.6  I  12. 
1.6  "  13. 
1.5  ll  14. 
1.4  15., 
1.45  ,  16. 
1.4  I  17. 
1.3     '  18. 

1.3  I,  19. 
1.35  |l  20. 

1.4  ,  21. 
1.4    r  22. 


Oct. 

Nov. 

1.8 

Dec.  1 

0.80 

1.45 

.52 

2.9 

1.5 

.60 

3.8 

1.5 

.50  ,  2.2 

1.5 

.78     1.9 

1.46 

.32     1.75 

1.4 

.32     1.8 

1.4    1 

.31  '  2.1 

1.35 

.30     1.5 

1.35 

.32  1  1.5 

1.5 

.3.5 

1.4 

1.6 

Day. 

Oct. 

23.. 

0.35 
.75 

24 

25.. 

26 

2.00 

27.-   --- 

.95 

28. 

.80 

29..  . 

.75 

30 

31 

.75 
.80 

1.4    , 
1.5 
1.55  I 
1.6 
1.7    1 
1.75 
2.0 
1.9 


I 


1.65 

1.65 

1.6 

1.6 

1.5 

1.5 

1.5 

1.45 

1.6 


WYMER   CANAL   NEAR    LAIDLAW,    OREG. 

Wymer  canal  takes  water  from  Tumalo  Creek  just  above  the  gag- 
ing station  on  the  latter.  A  gaging  station  was  established  on  the 
canal  June  16,  1906,  in  order  to  determine  the  total  water  supply 
of  the  creek.     It  is  located  just  below  the  headgates. 

The  bed  and  banks  are  of  loam  and  gravel. 

Measurements  are  made  from  two  logs.  The  gage  is  a  vertical 
staff  and  is  read  by  G.  W.  Updike.  The  bench  mark  is  on  a  bench 
on  a  fir  tree,  about  16  inches  in  diameter,  25  feet  below  the  headgate, 
and  3  feet  from  the  right  bank;  elevation,  4.12  feet  above  the  datum 
of  the  gage. 


Discharge  measurements  of  Wymer  canal  near  Laidlaw,  Oreg.,  in  1906. 


Date. 


Hydrographer. 


I  Width. 


Area  of       Gage 
section,     heignt. 


May  15 I.  Landea 

J  uno  9 , do 

June  K) I  L.  R.  Alien 

June  18 '  Stevens  and  Land<'.s . 


Feet. 

5.5 

4 

16 
1&6 


Sq.ft. 
9 

3.2 
22      , 
20 


Feet. 


1.90 
L85 


Dis- 
chargf>. 

Sec.-n, 

12 

8.5 

41 

43 
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Day. 
1 

j  June. 

July. 

2.06 
2.10 
2.05 
2.16 
2.05 

Aug. 

1.00 

1.00 

.95 

.95 

Sept. 
0.5»! 

Oct. 

1 
1.00 
1.30 
1.20 
1.10 
I.IO 
1.06 
1.06 
1.04 
1.02 

Day. 
17 

June.    July. 

1.95       1.45 
1.96'     1.45 
2.00  1    1.45 
2.00       1.50 
1.95!     1.45 
1.90'     1.40 
1.90       1.40 
1.90       1.15 
2.10       1.05 
2.05       1.05 
1.95       1.05 
1.85,     1.05 
1.90  ;     1.05 
1.95  '     1.05 
1.05 

Aug. 

0.88 

.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 

OREC 

Sept. 

0.88 

.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 

Oct. 
1.10 

2 

88 
88  ' 

ss  , 

88  , 
88: 

88  ' 
88  ' 
88    . 
88    . 
28    . 
08    . 
95    . 
88    . 
88 

18 

1.10 

3 

19 

1.10 

4               ' 

20 

1.10 

5 ' 

21 ^ 

22 

1.05 

l>                ' 

2. 06        .  95 

1.05 

7                         1 

2  05  1        95 

23 

1.10 

8 

i 

9  nn          QF^ 

24 

1.15 

9 

1    1.95        .96 

1.90        .95 

1.90        .96 

1     1.90          .0.<i  .     1 

25      

I  20 

10 

26::::::::.... 

2.20 

11 

27 

1.25 

12 

28            

1.20 

13 

1.90        -O.*!      1 

29 

1.20 

14 

1.76 
1.66 
1.55 

.95 

.88 
.88 

30 

1.16 

15                

31 

1.15 

16 

]     1.98 

1 
1 

NOTE.- 

-Water  turned  out  October  10  to  16. 

COLUMBIA    SOUTHERN   CAN. 

AL    NEAR   LAIDLAW, 

L 

Columbia  Southern  canal,  which  is  operated  by  the  Columbia 
Southern  Irrigation  Company  under  provisions  of  the  Carey  Act,  takes 
water  from  Tumalo  Creek,  15  miles  above  its  mouth.  Measurements 
are  made  in  the  flume  1,000  feet  below  the  head-gate.  The  gage  is 
set  with  its  zero  at  the  bottom  of  the  flume.  It  is  read  by  G.  W. 
Updike. 

DUcharge  measurements  of  Columbia  Southern  canal  near  Laidlaw,  Oreg.,  in  1906. 


Date. 


Uydrograph^r. 


April  19a I.  Landea 

May  15 do 

June  9 do 

June  16 1  L.  R.  Allen 

June  16 1 do 

June  18 Stevens  and  Landes. 


-\rea  of 

section. 

Feet. 

Sq.ft. 

20 

14 

19.7 

31.6 

19.7 

35 

19.6 

22 

19.6 

31      . 

19.7 

33 

Gage     '      Di8- 
height.      charge. 


Feet. 

'"{'.go' 

1.78 
1.15 
1.62 
1.65 


Sec.'/t. 


35 
52 

72 
22 
57 
63 


a  Measured  9  miles  below  the  head  of  the  canal. 


Daily  gage  height,  in  feet,  of  Columbia  Southern  canal  near  Laidlaiv,  Oreg.,for  1906. 


Day. 
1 

May. 

June. 

1.70 
1.75 
1.75 
1.75 
1.75 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.66 
1.65 

July. 

T     - 

1.87 
1.87 
1.96 
1.95 
1.96 
2.05 
2.05 
2.05 
2.05 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
1.88 

Aug. :  Sept. 

1.75     1.68 
1.76'  1.68 
1.75     1.68 
1.75     1.68 
1.75     1.68 
1.75     1.68 

Oct. 

1.70 
1.70 
1.66 
1.65 
1.66 
1.70 
1.70 
1.70 
1.70 
1.72 
1.72 
1.70 
1.70 
1.70 
1.70 
1.70 

Day. 
17       

May. 

1.70 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.70 
1.70 
1.70 

June. 

1.65 
1.65 
1.65 
1.65 
1.70 
1.70 
1.70 
1.70 
1.80 
1.85 
1.80 
1.80 
1.87 
1.87 

July. 

2.00 
1.95 
1.95 
1.95 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 

-Vug. 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 

Sept. 

1.68 
l.(iS 
1.68 
1.6S 
1.68 
1.68 
l.(i8 
l.<i8 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 

Oct. 
1.65 

2 

18 

I.e."-, 

3 

19 

1.G6 

4 

20 

1.65 

5         

21 

1.60 

6 

22 

1.00 

1.75 
1.-75 
1.76 
1.76 
1.76 

1.68 
1.68 
1.68 
1.68 
1.68 

23 

l.(X) 

8 

24 

25 

26 

27 

28 

29 

30 

31 

1.65 

9  

1.65 

10 

1.60 

11 

1.70 

12 

1. 76     i.  68 

1.75  1.68 

1. 76  1. 68 
1.70     1.68 

l.f)5 

13 

1.65 

14 

1.65 

15 

1.70 
1.70 

1.65 

16 

.70 

1.68 
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Rating  table  for  Columbia  SoiUhem  canal  near  LaidlaWy  Oreg.yfor  1906. 


Oaxe 
height. 

Feet. 
1.60 
1.70 


Dis- 
chaige. 

64 


Oafe  I     Di8- 
heigfat.  charge,    heigl 


Qage 
weight. 


Feet.     Sec.-ft. 
1.80    ,         74 


Feet 

i.go 


Di»- 
cliaige. 

Sec.-ft. 


I  Oa^e 
height. 


Dis- 
charge. 


Feet. 
2.00 


Sec- 


Oage 
hei^t. 


Feet. 
2.10 


Dis- 
chaige. 


Sec. 


'if.- 


NoTK.— The  above  table  is  based  oh  5  discharge  meaauremeiits  made  during  1906  and  is  fairly  well 
defined. 

Monthly  discharge  of  Columbia  Southern  canal  near  Laidlaw.  Oreg.,for  1906. 


Month. 


May  15-31.. 

June 

July 

August 

September. 
,  October 


The  period. 


Note.— Values  are  rated  as  good. 


Dischaiige  in  second-feet. 
Maximum.   Minimum.      Mean. 

Total  in 
acre-feet. 

114 

S 

66 

64 

60 
74 
64 
62 
55 

67.2 
6&6 
9L7 
6&3 
62.4 
6L3 

2,280 
3,9«) 
5.640 
4,  OK) 
3.710 
3.770 

23,400 

SQUAW    CREEK    NEAR   SISTERS,    OREG. 

The  station  was  established  June  15,  1906.  It  is  located  4  miles 
south  of  Sisters  and  above  all  prevsent  diversions.  McAllister  ditch, 
under  construction,  has  its  intake  200  feet  above  the  station. 

The  channel  is  straight  for  200  feet  above  and  100  feet  below  the 
station.  The  right  bank  is  high  and  rocky;  the  left  is  low  and  liable 
to  overflow  at  extreme  high  water.  The  bed  of  the  stream  is  of  firm 
gravel  and  is  permanent.  Changes  in  a  dam  250  feet  below  will  change 
the  rating. 

Measurements  are  made  from  a  foot  log. 

Gage  heights  are  furnished  jointly  by  the  Squaw  Creek  Irrigation 
Company  and  citizens  of  Sisters.  The  gage  is  vertical,  and  nailed  to 
an  alder  tree  on  the  right  bank,  about  3  feet  above  the  foot  log.  The 
bench  mark  is  the  highest  point  of  the  sawed  part  of  a  pine  stump 
30  feet  to  the  left  and  10  feet  upstream  from  the  point  of  measure- 
ment; elevation,  10.27  feet  above  the  datum  of  the  gage. 

Discharge  vieasurements  of  Squaw  Creek  near  Sisters^  Oreg.,  in  1906. 


Date. 


Hydrographer. 


Width. 


Apriin 

June  8 

June  8 

June  15 

September  22. 


Feet. 

I.  Landes 31 

L.  R.  Alien 31 

1 .  Landcfl 31 

J.  H.  Lewis  and  L.  R.  Allen I         32 

C.  W .  Allen •         31 


Area  of 

Gage 
height. 

Dis- 

section. 

charge. 

Sq.-ft. 

Feet. 

Sec.-fl. 

48 

3.65 

106 

46 

3.53 

105 

49 

3.60 

114 

65 

4.09 

205 

38 

3.55 

110 
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Daily  gage  height,  in  feet,  of  Squaw  Creek  near  Sisters,  Oreg.,for  1906. 


Day. 


1. 
2. 
3. 
4. 
5. 
6. 

S. 

9. 
lO. 
11. 
12. 
13. 
14. 
15. 
Ifi. 


,  July.  Aug. ,  Sept.  Oct.    Nov.  Dec 


4.3 
4.2 
4  4 
495 
4  6 
46 
4  55 
4  5 
43 
4  5 
455 
4  9 
4  52 
4  4 
4  35 
41 


3.75 

I  3.7 

3.72 

,  3.7 

I  3.8 

4.0 

I  4.0 

'  3.85 

I  3.8 

,  40 

.  3.9 

■  4.0 

,  3.95 

3.8 

3.9 

3.75 


3.6 
3.6 
3.5 
3.55 
3.55 
3.75 
3.8 
41 
3.6 
3.5 
3.45 
3.45 
I  3.4 
3.3 
3.3 
3.25 


3.6 

3.65 

3.65 

3.65 

3.3 

3.35 

3.3 

3.35 

3.3 

3.45 

3.4 

3.35 

3.3 

3.3 

3.3 

3.3 


3.1 

3.1 

3-1 

3.1 

3.1 

3.15 

5.25 

4  1 

3.05 

5.7 

3.4 

3.2 

4.2 

4  5 

3.0 

2.4 


I  ' 


3.0 

1.8 

1  6 

1  6 

1  « 

1.6 

3.0 

1.7 

1.75 

1.7 

1.7 

1.75 

2.9 

1.7 

1.7 

1.75 


Day. 

July. 

17        ...     . 

4.1 

4.0 

2.25 

4.05 

4.1 

4.2 

42 

3.8 

3.85 

3.75 

4.0 

42 

3.96 

3.9 

3.85 

18 

19.        ... 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Aug.  Sept.  Oct. 


I 
3.25  3.35 
3.35  I  3.3 
3.  4  3. 3 
3.45  3.3 
3.45  3.3 
3.55  I  3.3 
3.4      3.35 


3.65 

3.65 

3.6    i 

3.6 

3.5 

3.6 

3.55 

3.55 

3.55  I 

3.55 

3.6 

3.6 

3.5 

3.6    I 

3.5 


3.35  I 

3.35  I 

3.3 

3.3 

3.3 

3.4 

3.4 


3.35 

3.35 

4.0 

3.55 

3.35 

3.3 

3.2 

3.2 


Nov. 

Dec. 

2.1 

1,7 

2.0 

1.65 

1.95 

1.6 

1.9 

2.3 

1.8 

2.05 

1.8 

2.0 

1.8 

1.9 

1.8 

1.95 

1.7 

2.1 

1.7 

2.0 

1.7 

1.9 

3.5 

1.9 

3.0 

1.8 

2.05 

1.8 

1.76 

Note. — Conditions  were  changed  early  in  November  by  washing  out  of  dam  below;  thia  was  replaced 
November  28,  and  washed  out  again  December  3.     Ice  jam  December  1  and  13. 

Rating  table  for  Squaw  Creek  near  Sisters,  Oreg.,from  July  1  to  October  SI,  1906. 


Gage 
eight. 

Dis- 
charge. 

Qage 
height. 

;     Dis- 
'  charge. 

Gage 
height. 

Dis- 
chazge. 

Gage 
height. 

Dis- 
charge. 

Ga«re 
height. 

Dis- 
charge. 

Feet. 
3.20 
3.30 
3.40 
3.50 

77 
88 
100 

F€ft. 

3.60 
3.70 
3.80 
3.90 

Sec.'ft. 

113 
I        128 
1        145 

164 

Feet. 
4.00 
4.10 
4.20 
4.30 

Sec.'ft. 

18.5 
207 
231 
2.56 

Feet. 
4.40 
4.50 
4.(i0 
4.70 

310 
340 
372    1 

Feet. 
4.80 
4.90 
5.00 

440 
475 

Nt>TE-— The  above  table  is  applicable  only  for  open-channel  conditions, 
measurements  made  during  1900  and  it  is  not  woil  defined. 


It  is  based  on  5  discharge 


Monthly  discharge  of  Squaw  Creek  near  Sisters,  Oreg.,for  1906. 
[Drainage  area,  90  square  miles.] 


Month. 


July 

August 

September. 
October 


Discharge  in  second-feet. 


I 


Run-off. 


Maximum. 


458 
185 
207 
185 


The  period. 


Minimum.  ,    Mean. 


136 

251 

100 

133 

72 

97.9 

67 

88.3 

Total  in 
acre-feet. 


15,400  I 
8.180 
5,830 
5.400 


sq.  mil 


r 


2.79 

1.48 

1.09 

.981 


inches. 

3.22 
1.71 
1.22 
1.13 


34,800  ' 


NoTX. — Values,  July  to  October,  are  rated  as  fair. 
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MISCELLANEOUS    MEASLTiEMENTS. 

The  following  miscellaneous  measurements  were  made  in  Deschutes 
River  drainage  basin  in  1906: 

Miscellaneous  vieasurcnienis  in  Deschutes  River  drainage  basinj  Oregon^  in  1906. 


Date. 


Stream. 


IjOcaUiy. 


January  t 
April  16. . 
M^ay 


Crooked  River Forest 

I do do 

^ay  16 ' do do 

June  17 do .-do 

October  14 ' do do 

April  186 DeHchutos  Irrigation  I  Near  Bend 

and    I*ower    Com-  I 

panv's  flume. 

January  10 Deschutes  River Sec.  36,  T.  14  S.  R.  12  E. 

October  13r do do 

September  2d, do ;  Moro 

October  17  d do ' do 

October  18 *. do I  Wann  Springs  Ferry... 

Junes McAllister  ditch '  Sisters 

June  15 ! do ! do 

Octolwr  17 '  Metolius  River Near  mouth . 

January  6 Ochoco  Creek 

April  16 do 


Width. 


Feet. 

50 
135 

84  . 
100 

22 

14.9 


Area  of  {  Ga, 


Dis- 


section, height,   charge. 


Sec.-ft. 

75 

3,940 

32fi 

773 

84 

83 


145 
138 
260 
260 
170 
7 
7 


Sq.ft. 

Feet. 

78 

a27.43 

967 

aiail 

189 

«25.44 

395 

0  23.94 

65 

0  24.62 

15 

481 

458 

M20 
1.130 
1.690 

5 

5.2 


1.35 

1.40 

e5.40 


May  17.. 

June  7 

June  13 

October  15. 


.do. 
.do. 


Prineville. . 

.do 

.do 

.do 

Pole  Creek Sisters 

Shitike Warm  Springs  Agency 

June  10 ]  Swalley  canal |  Bend,  intake  flume 

June  20 do ;  Bend,  below  Intake  flume.. . 


June  20 

October  19. , 
October  20. , 


do Bend.  5  miles  below  head. . . 

Warm  Springs ,  Warm  Springs  .Agency | 

White  River I  Tygh  Valley 


9 
71 
14 
44 

8 
26 

7 
13 

8 
92 
56 


4  4 

97 
10 


9  5  88 
9  4.55 
9  5  76 
9  4.87 


/2 


4  2 
29 

6 
10 

5 
433 
56 

........ 

....... 

350 
230 
CMO 
520 

6  9 

fi.ti 

,800 

4.6 

148 

6  2 

61 

13 

12 

6.5 

2ei) 

165 


o  Below  nail  in  top  of  floor  sill  on  downstream  side  of  east  end  of  bridge. 

b  Just  below  headgate:  contains  discharge  of  Pilot  Butte  and  Central  Oregon  canals. 

r  At  Tetherow  bridge;  water  surface  4.35  feet  l)elow  cross  cut  in  northeast  comer  of  bridge  on  top  of 
abutment. 

d  At  Free  Bridge  gaging  station,  discontinued  December  31, 1809;  see  Water-Supply  Paper  No.  38,  p. 
377,  378. 

«  Below  point  on  alder  stump  on  west  bank. 

/  Estimated. 

9  Below  reference  point  on  bridge. 

*  Low  water. 

HOOD  U1VT:R  DKAIlSrAGK  BASEN. 

HOOD    RIVER    AT    WINANS,    OREG. 

Hood  River  has  its  source  in  the  glaciers  on  the  northern  slope  of 
Mount  Hood,  flows  north,  and  unites  with  Columbia  River  at  the 
town  of  Hood  River.  Its  drainage  area  is  wholly  mountainous  and 
timbered  except  where  the  timber  has  been  removed.  A  large  per- 
centage of  its  forested  area  has  been  burned.  The  waters  of  this 
stream  and  its  tributaries  are  used  for  irrigation  and  power  devel- 
opment. The  table-lands  bordering  the  river  have  been  cleared  of 
timber  and  are  irrigated  by  high-line  canals.  The  agricultural  pro- 
ducts of  the  district  are  fruit  and  berries. 

This  station  was  established  November  17,  1905.  It  is  located  300 
feet  below  the  junction  of  the  main  forks  of  the  river  at  Winans,  10^ 
miles  above  Hood  River  post-office,  Oreg.  The  conditions  at  this 
station  and  the  bench  marks  are  described  in  Water-Supply  Paper 
No.  178,  page  219,  where  are  given  also  references  to  publications  that 
contain  data  for  previous  years. 
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Discharge  measuremenU  of  Hood  River  at  Wtnans,  Oreg.,  in  190S-6. 


Date. 


Hydrographer. 


1905. 
November  17...    L.  R.  Allen. 
December  23 do 


Width. 


1906.  I 

March  9 P.  A.  Cupper. . 

May22« L.  R.-AJten 

Julys do 

.\ugust29 do 

October 20 J.  C.  Stevens... 

December  15 . . .    H.  McQlashan. 


Feet. 
90 
90 


Area  of 
section. 


180 


188 
259 
191 
224 
253 


Dis- 
charge. 


Feel. 

Sec-ft. 

0.67 

403 

1.03 

767 

1.90 

1,360 

1.31 

702 

1.52 

1,160 

.77 

571 

1.17 

809 

1.20 

864 

a  Not  reliable,  as  debris  was  lodged  against  gage. 
Dcdly  gige  height^  infeety  of  Hood  River  at  Winans^  Oreg.,for  1906. 


Day. 


1. 
2. 
3. 
4. 

6. 

6. 
7. 
8., 
9. 
10. 

U. 
12.. 
13. 
14.. 
15.. 

16.. 
17.. 
18.. 
19.. 
30, 


i 

21.                 .   .   .  1 

22 1 

a.       ::.:.) 

24 

25 ' 

26 ' 

27 

28 

29 

30 

31 '• 

0.9 
1.0 
1.0 
1.0 
1.1 

1.2 
1.3  I 
1.3 
1.4 
1.5 

1.1 

1.1  I 

1.1 ! 

1.0 

1.1 ' 

1.2 
1.3 
1.0 

;:! 

1.2 
1.4 
2.9 
2.0 

1.8 
1.8  I 
1.6 
1.7  1 
1.7  ; 
1.7 


I 


1.6 
1.6 
1.5 
1.5 
1.4 

1.4 
1.3 
1.2 
1.1 
1.1 

1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.3 
3.0 
3.0 
3.0 

2.9 
2.8 
2.4 
2.3 
2.2 


2.2  ; 

2.0 

1.9 

:::::'  2.5 

I 


far. 

Apr. 

May. 

June. 

July. 

1.8 

1.9 

2.0 

1.3 

1.5 

1.7 

1.8 

2.0 

1.3 

1.5 

1.6 

1.7 

1.9 

1.4 

1.6 

1.6 

1.6 

1.9 

1.4 

1.6 

1.5 

1.9 

1.9 

1.4 

1.7 

1.6 

2.0 

1.9 

1.5 

1.7 

1.7 

2.4 

1.9 

1.5 

1.7 

1.9 

2.4 

1.8 

1.6 

1.6 

1.9 

2.2 

1.8 

1.6 

1.5 

1.8 

2.1 

1.8 

1.6 

1.4 

1.6 

2.0 

1.7 

1.6 

1.3 

1.6 

1.9 

1.7 

1.6 

1.3  , 

1.6 

1.9 

1.7 

1.7 

1.3 

1.6 

1.8 

1.7 

1.8 

1.3 

1.5 

1.8 

1.7 

1.8 

1.3 

1.6 

1.8 

1.6 

2.0 

1.3 

1.5 

1.9 

1.6 

1.9 

1.3 

1.6 

1.9 

1.5 

1.7 

1.3 

1.6 

2.0 

1.5 

1.7 

1.3 

1.5 

2.1 

1.5 

1.7 

1.3 

1.5 

2.2 

1.5 

1.6 

1.3 

1.5 

2.2 

1.4 

1.6 

1.2 

1.5 

2.1 

1.4 

1.6 

1.2 

1.5 

2.0 

1.4 

1.6 

1.1 

1.6 

2.0 

1.5 

1.6 

1.1 

1.5 

2.0 

i;5 

1.6 

1.0 

1.5 

2.0 

1.5 

1.6 

.9 

1.5 

2.0 

1.5 

1.6 

.9 

1.6 

2.0 

1.4 

1.6 

1.0 

2.0 

2.0 

1.4 

1.6 

1.0 

1.0 


ug. 

Sept. 

Oct. 

Nov. 

1.0 

a7 

a7 

1.3 

1.0 

.7 

.7 

1.0 

1.0 

.7 

.7 

.9 

1.0 

.7 

.7 

.9 

1.0 

.7 

.7 

.9 

1.0 

.7 

.7 

.8 

1.0 

.7 

.7 

.8 

1.0 

.7 

.7 

.8 

1.0 

.7 

.7 

.8 

1.0 

.7 

.7 

.9 

1.0 

.7 

2.0 

2.5 

1.0 

.7 

2.2 

4.5 

1.0 

.7 

2.0 

0.4 

1.0 

1.2 

2.0 

6.5 

1.0 

1.3 

1.9 

6.4 

0.9 

1.0 

1.8 

3.7 

.9 

.7 

1.7 

3.4 

.9 

.6 

1.5 

2.7 

.8 

1.4 

2.4 

.8 

1.4 

2.2 

.8 

1.4 

2.0 

1.4 

2.0 

2.0 

1.8 

2.0 

1.7 

1.9 

L5 

1.8 

1.6 

.7 

1.8 

1.4 

1.7 

1.4 

1.6 

1.2 

.  i 

1.5 

1.2 

.7 

1.4 

1.1 

1.2 
1.3 
1.3 
1.4 

1.4 
1.5 
1.5 
1.5 
1.4 

1.4 
1.3 
1.2 
1.2 
1.2 

1.2 
1.3 
1.4 
1.6 
6.6 

4.6 
3.6 
3.6 
3.4 
3.3 

3.0 
2.4 
2.2 
2.2 
2.2 
2.2 


Note. — From  March  to  June  there  was  more  or  less  backwater,  caused  by  dt^bris.  The  flow  is  influ- 
enced by  logging  dams  on  the  east  fork,  about  2  miles  above  the  station.  These  gage  heights  repre- 
sent only  approximately  the  daily  means. 


Rating  table  for  Hood  River  at  Winans,  Greg.,  for  1905-6. 

Qage 
height. 

Dis- 
charge. 

heiS^t. 

Dis- 
charge. 

Sec.-ft. 

Oa«J 
height. 

Dis- 
charge. 

Sec-ft. 

1    Gage 
height. 

Dis- 
charge. 

Sec.-ft. 

I    Cage 
height. 

Feet. 

Dis- 
charge. 

Sec.-fU 
2,460 

Feet. 

5«^. 

Feet. 

Feet. 

Feet. 

0.50 

1.10 

835 

1.70 

1,325 

2.30 

1,875 

2.90 

0.60 

490    1 

1.20 

910 

1.80 

1,415 

2.40 

1.970 

3.00 

2,660 

0.70 

5.S5 

1.30 

990 

1.90 

1,505 

2.50 

2,065 

4.00 

3,560 

0.80 

620 

1.40 

1.070 

2.00 

1,595 

2.60 

2,160 

5.00 

4,660 

0.90 

090          1.50 

1.165 

2.10 

1,685 

1     2.70 

2,260 

6.00 

5,860 

1.00 

760         1.60 

1,240 

2.20 

1,780 

1     2.80 

2,360 

Note.— The  above  table  is  applicable  onlv  for  open-channel  conditions.  It  is  based  on  6  discharge 
measaiements  made  during  1906^  and  is  well  defined  between  gage  heights  0.5  foot  and  1 .5  feet.  Above 
gage  height  2.0  feet  it  beoomes  uncertain,  and  for  the  highest  stages  is  only  approximate. 
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156  SUBFACE  WATEB  SUPPLY,   1906. 

Monthly  discharge  of  Hood  River  at  WtnanSj  Greg.,  for  J906-S. 
/Drainage  ar^a,  370  square  miles.] 


1        DiachaigB  in  seeond-foiH. 

Run-off. 

Minimum. 

Mean. 

Total  in 
acre-feet. 

Month. 

Maximum. 

Sec.-ft.  per 
sq.  mile. 

Depth  in 
inches. 

1905. 

November  1^-30 

1,100 

555 
555 

709 
804 

16,900 
49,400 

1.92 
2.17 

.857 

December 

1,420 

2.50 

The  neriod 

t 

66,300 



1906. 

' 

January 

2, 4fiO 

690 

1,030 

63.300 

2.78 

3.20 

February 

2,5(50 

7(50 

1,400 

77,800 

3.78 

3.94 

March 

....:..             2,0«) 

1,150 

1.280 

78,700 

3.46 

3.99 

^?.;.-.::::::::::::::::::: 

1,970 

1,240 

1,590 

94,600 

4.30 

4.90 

i,eoo 

1,070 

1,280 

78,700 

3.46 

3.99 

June 

1            1,(W0 

990 

1,240 

73,800 

3.35 

3.74 

July 

1,320 

690 

1,000 

61,500 

2,70 

ail 

August 

760 

555 

674 

41.400 

1.82 

2.10 

September 

1               990 

490 

586 

34,900 

1.58 

1.76 

October 

1,780 

655 

1,100 

67,600 

2.97 

3-42 

November 

I            6,460 

620 

1,890 

112,000 

5.11 

5.70 

December 

1            6,580 

835 

1,740 

107,000 

4.70 

5.42 

The  year 

6,580 

490 

1,230 

891.000 

3.33 

45.17 

Note.— Values  arp  rated  as  follows:  March  to  June,  1906,  approximate;  remalndei  of  1905  and  1906, 
good.    Debris  caused  backwater  to  a  greater  or  less  extent. 

WIIiliAMETTE   RIVER  DRAINAGE  BASEN. 

DESCRIPTION   OF   BASIN. 

Willamet*te  River  is  fonned  by  the  junction  of  Middle  and  Goast 
forks  near  Eugene,  Oreg.,  from  which  point  it  flows  in  a  general 
northerly  direction  to  its  point  of  junction  with  the  Columbia,  about 
10  miles  north  of  Portland.  Coast  Fork  rises  in  the  eastern  slope 
of  the  Coast  Range  and  Middle  Fork  on  the  western  slope  of  the 
Cascade  Mountains.  The  tributaries  of  this  stream  flow  both  east 
and  west,  draining  heavily  timbered  moimtain  areas.  Many  of 
them  afford  extensive  power  possibilities.  At  present  tlie  develop- 
ment in  tliis  line  is  in  the  primitive  state.  The  natural  resources 
of  the  Willamette  Valley  would  make  it  an  unrivaled  manufactur- 
ing center.  There  is  unlimited  water  power,  an  abimdance  of  raw 
material,  and  adequate  transportation  facilities.  The  principal  trib- 
utaries of  this  stream  are  the  McKenzie,  Santiam,  Luckianiute, 
Molalla,  Yamidll,  and  Clackamas  rivers. 

WILLAMETTE   RIVER   AT   ALBANY,  OREG. 

This  station  was  established  July  21,  1905.  It  is  located  at  the 
Gorvallis  and  Eastern  Railroad  bridge  at  Albany,  Oreg.,  just  above 
the  mouth  of  Calipooia  Creek  and  7  miles  above  the  mouth  of  San- 
tiam  River.  The  conditions  at  this  station  and  the  bench  marks  are 
described  in  Water-Supply  Paper  No.  178,  page  223. 
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WTTJiAMETTE   RIVEB  DBAINAGE  BASIN.  157 

Discharge  measurements  of  Willamette  River  at  Albany ^  Oreg.^  in  1906-1907. 


Date. 


1905. 
July  30 j  L.  K.  AUen 

1906. 

January 6 i  L.R.Allen 

Februarys ' do 

March  28 ' do 

May  9 " do 

Juiy25 

September  5. . 

1907. 
February  5, 


Daily  gage  height ^  injeely  of  Willamette  River  at  Albany ^  Oreg.jfor  1906. 


10. 

11. 

12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 


23. 
24. 
25. 

28. 
27. 
28. 
29. 
.%. 
31. 


Day. 


'  Jan. 


9.3 
8.8 
7.4 
6.8 
6.76 

&55 

6.5 

6.4 

6l75 

8.3 


8.1 
8.3 
9.0 
ia25 

ia2 
las 

13.0 

15.0 

;  13.0 

11.8 

I  9.8 
:  &85 
"  &15 
,  9.6 
10.6 

ia25 
9.4 
8.55 
8.1 
7.(» 
7.5 


Feb. 


7.5 

7.45 

7.15 

7.05 

&75 

&55 

&2 

5.8 

5,75 

5.6 

5.6 

5.35 

5.2 

5.1 

4.85 

5.06 
5.15 
5.75 
7.05 
9.85 

11.6 
13.25 
12. 55 
12.85 
14.8 


Mar.  I  Apr.  \  May.  j  June.    July. 


I 


12.7 

ia5 

9.4 
8.7 
8.25 


7.75 
7.6    I 
7.5    I 
7.5 
7.45       6u3 


7.9    I 
8.3 
7.55 
&96 
&68  I 

6i48 
&28 
&18 
6.06 


7.4 

7.25 

6.7 

6.4 

6.15 

5.75 
5.55 
5.38 
5.32 
5.42 

5.72 

&2 

&32 

&25 

6ul8 


I5il  6u08 

13.9  &1 

13.5  &22 

6.42 

5.8 

ai 


6.06 
5.8 
5.55 
5.35 
5.25 

5.25 

5.3 

5.2 

5.06 

4.92 

5.42 
5.25 
5.4 
5.22 


&05 
5.85 
5.75 
5.^ 
5.5 

5.4 
5.25 
5.05 
5.1 


5.68 

5.95 

5.9 

6.4 

6.25 


5.0         7.3 


5.1 
5.1 
5.0 
4.9 
5.0 

5.7 

5.75 

5.4 

5.2 

5.1 

5.1 
5.35 
5.8 
5.9 


5.5    I    5.7 


5.6 

5.6 

5.55 

7.2 

9.95 

8.9 


7.8 
6.9 
&5 
&3 
&8 

6l55 
6u7 
7.1 
&9 


7.2 

&9 

&65 

&5 

6.3 

6.6 

7.4 

7.05 

6.6 

6.5 

5.8 

5.55 

5.3 

5.1 

4.9 

4.6 
4.5 
4.5 
4.55 
4.55 


Aug. 


4.45 
4.25 
4.2 
4.1 
3.95  I 

3.8    ' 
3.75 
3.7 
3.7 


2.8 

2.75 

2.7 

2.7 

2.7 

2.6 
2.6 
2.6 
2.6 
3.55       2.6 


3.3 
3.3 
3.3 
3.25 
3.2 

3.2 
3.1 
3.1 
3.1 
3.1 

ai 

3.0 
3.0 
3.0 
2.9 

2.9 
2.85 
2.8 
2.8 
2.8 
2.8 


2.6 
2.6 
2.55 
2.6 
2.5 

2.5 
2.5 
2.5 
2.6 
2.5 

2.6 
2.6 
2.6 
2.66 
2.8 

2.95 
2.75 
2.6 
2.5 
2.5 
2.4 


Sept. 

Oct. 

Nov. 

2.4 

2.35 

ai 

2.35 

2.3 

2.95 

2.3 

2.3 

2.9 

2.3 

2.35 

2.96 

2.2 

2.4 

a  15 

2.2 

2.4 

ass 

2.2 

2.4 

a9 

2.2 

2.4 

&9 

2.2 

2.3 

9.3 

2.2 

2.3 

7.6 

2.1 

2,35 

7.2 

2.15 

2.4 

7.1 

2.2 

2.45 

&9 

2.3 

2.65 

a4 

2.3 

2.7 

10.96 

2.5 

2.9 

12.35 

2.8 

3.45 

lai 

2.9 

4.6 

12.9 

2.-75 

4.65 

iao5 

2.65 

4.3 

10.7 

2.6 

4.06 

9.35 

2.4 

a7 

9.25 

2.4 

3.4 

&9 

2.5 

3.25 

ao 

2.5 

Z.2 

7.1 

2.6 

3.1 

6.55 

2.55 

2.9 

6.2 

2.5 

as 

5.85 

2.5 

a  25 

6.55 

2.4 

a  15 
ai 

5.25 

Dec. 


5.06 

4.8 

4.66 

4.4 

4.5 

4.5 

4.7 
5.6 
6.6 
7.1 

7.5 

7.55 

6.8 

6.45 

&2 

&65 
a  15 
7.35 
7.3 

as 

11.4 
10.95 
9.8 
9.85 
9.45 

10.65 
11.45 
10.5 
9.4 

a  5 
a4 


Rating  tables  for  Willamette  River  at  Albany ^  Oreg. 
inos.o 


Gage 
height. 

Dis- 
charge. 

Sec.-ft. 

Gage 
hei^t. 

DIs-     ! 
chaige.  ! 

Feet. 

1    Feet. 

Sec-ft. 

2.00 

1,755 

2.90 

2.835 

2.10 

1,855 

3.00 

2,980 

2.20 

1.960 

3.10 

3,130    , 

2.30 

2,070 

a  20 

3,385    , 

2.40 

2,185 

a  30 

3,445     ' 

2.50 

2,305 

a  40 

3,610    1 

2.60 

2,430 

a  50 

3,780  ; 

2.70 

2,560 

a  60 

3,955     1 

2.80 

2,696 

a  70 

4,135 

Dis-     I 
charge.  I 

I  Sec-ft. 
4,320 
4,510 
4,710 
4,910 
5,120 
5,340 
5,560 
5,790 
6,020 


height. 

Dis- 
charge. 

Sec-ft. 

height. 

Dis- 
charge. 

Feet. 

Feet. 

Sec-ft. 

4.70 

6,260 

1    6.20 

10,300 

4.80 

6,500 

6.40 

10,910 

4.90 

6,750 

6.60 

11,530 

5.00 

7,000 

6.80 

12,160 

5.20 

7,500 

7.00 

12,800 

5.40 

8,020 

a  00 

16,000 

5.60 

8,560 

9.00 

19,400 

6.80 

9,120 

6.00 

9,700 

a  This  table  Is  applicable  only  for  open-channel  conditions.    It  is  based  on  one  discharge  measure- 
ment made  during  1906  apd  the  form  of  the  1900  curve  and  is  not  well  defined. 
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SURFACE  WATER  SUPPLY,   1906. 


Rating  tables  for  Willamette  River  at  Albany.  Oreg. — Continued. 

lOOO.a 


Gase        niB- 
helgnt.  charge. 

Gage 
height. 

Feet. 

DiJ>- 
charge. 

Feet. 

Sec.-ft. 
2,670 

Sec. -ft. 
4,7»9 

2.00 

3.10 

2.10 

2,810 

3.20 

4,950 

2.20 

2,960 

3.30 

5,170 

2.30 

3,120 

3.40 

5,390 

2.40 

3.290 

3.50 

5,610 

2.50 

3.470 

3.60 

5,840 

2.60 

3.660 

3.70 

6,070 

2.70 

3,860 

3.80 

6.300 

2.80 

4,070 

3.90 

6,530 

2.90 

4,200 

4.00 

6.780 

3.00 

4,510 

4.10 

7,000 

Gage 
height. 

Dis- 
charge 

Feet. 

Sec.-ft. 

4.20 

7,240 

4.30 

7.480 

4.40 

7.730 

4.50 

7.980 

4.60 

8.230 

4.70 

8,490 

4.80 

8.760 

Gawe 
telgnt. 


I  helgl 


4.90 
5.00 
5.20 
5.40 


9,030 

9,300 

,    9.860 

10,430 


Feet. 
5.60 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 


Dis- 

hei^t. 
Feei. 

Di«- 

charge. 

chaige. 

8ec.-ft. 

Sec.-ft, 
18.060 

11.010 

7.80 

11.600 

8.00 

18.800 

12.200    1 

9.00 

22.700 

12.800    1 

10.00 

27.000 

13, 410 

11.00 

31,600 

14.030 

12.00 

36.400 

14.660 

13.00 

41,300 

15,300 

14.00 

46.700 

15.960 

15.00 

52,200 

16,640 

17,340 

•  This  table  is  applicable  only  for  oj)en-channeI  conditions.    It  is  based  on  6  discharge  measure^ 
ments  made  during  1906  and  1  during  1907  and  is  well  defined  between  gage  heights  2.2  feet  and  6.5  fc«t. 

Monthly  discharge  of  Willamette  River  at  Albany ,  Oreg.,  for  1905-6, 
(Drainage  area,  4,860  square  miles.] 


Dischai 
Maximum. 

2..'je0 
6,7.')0 
5.900 
18.700 

rge  in  seconc 

-feet. 

Total  In 
acro-feet. 

Run-off. 

Month. 

Mean. 

2,020 
3,750 
3,450 
9,650 

Sec.-ft.  per 
sq.  mile. 

Depth  in 
inches. 

19a'j. 
September 

1,800 
2,700 
2,430 
4,910 

120,000 
231,000 
205,000 
593,000 

a  416 
.772 
.710 

1.99 

0.46 

Octoljer*           

.89 

November  <» 

.79 

December 

2.29 

The  period     

1,150,000 

1. 

1906. 
January      

62.200 

52,800 

39.800 

19,900 

2r>.800 

18.100 

7,8(50 

4.400 

4.290 

8.3(i0 

41.800 

33.800 

.52.800 

13,400 
8.900 

10,200 
9.080 
9.030 
7.980 
4,070 
3,290 
2,810 
3,120 
4.290 
7.730 

23.600 

21,900 

15.700 

12.200 

11.500 

12,900 

5,260 

3.680 

3.320 

4.  .530 

18.200 

18.200 

1,450,000 

1,220,000 

965,000 

726,000 

707.000 

768.000 

323.000 

226.000 

198.000 

279.000 

1.080,000 

1.120.000 

4.86 
4.51 
3.23 
2.51 
2.37 
2.65 
1.08 
.757 
.683 
.932 
3.74 
3.74 

5.60 

February 

4.70 

March 

3.72 

April 

2.80 

Blay 

2.73 

June 

2.9t^ 

July 

1.24 

August 

.87 

Septcnil)er 

.76 

Octoljer 

1.0(7 

November      

4.17 

December 

4.31 

The  year 

2.810 

12.600 

9.  OIK).  000 

2.50 

34.93 

oGage  heights  published  in  Water-Supply  Taper  No.  178  as  2.11  feet  should  be  2.9  fpet,  3.11   should 
be  3.9,  and  2.1  should  l>e  2.8. 

Note.— Values  are  ratted  as  follows:  SeptiunU'r,  190.'>,  to  February,  1906,  fair;  March  to  December, 
1906,  good. 

MroDLE   FORK   OF    WILLAMETTE   RIVER  AT   JASPER,    OREG. 

This  station  was  established  September  16,  1905.  It  is  located  at 
Jasper  Ferry,  Jasper  post-oflice,  Oreg.,  2  miles  above  Natron  and  3 
miles  below  the  mouth  of  Fall  Creek.  The  conditions  at  this  station 
and  the  bench  marks  are  described  in  Water-Supply  Paper  No.  178, 
page  220. 
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Discharge  meamrenienU  of  Middle  Fork  of  WillametU  River  at  Jasper y  Oreg.,  in  1905-1907, 

Date.                                       Hydrographer. 

wiain.   section. 

OaffB 
height. 

Dis- 
charge. 

1905. 
September  16..    L.  R.  -\llen 

Ftft. 
322 
354 

368 
357 
350 
325 
327 

396 

Sq.ft. 
652 
1,370 

1,500 

1,400 

1,420 

726 

807 

2,730 

Feet. 
1.25 
3.27 

3.87 

a3.38 

a3.52 

1.48 

1.70 

7.10 

Sec'/t. 
758 

December  29.. .' do 

3,920 
5,530 

1906. 
February  3 '  L.  R.  Allen 

M&rch23 ' do 

3,890 

Mays do 

5,280 

August  17 do 

953 

September  17..    I.  i:.  Oakes 

1,130 

1907. 
January  30        '         do 

21,100 

a  Affected  by  log  jam. 
Daily  gage  height,  in  feet,  of  Middle  Fork  of  Willamette  River  at  Jasper,  Oreg.,  for  1906. 


Day. 


1... 
2... 
3... 
4... 
5... 


8. 
9. 
10. 

11- 
12. 
13. 
14. 
1.5. 


16. 
17. 
18. 
19. 
TO. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


an. 

Feb. 
3.8 

Mar. 
4.4 

Apr. 

May. 

3.6 

June. 

July. 
2.6 

Aug. 
1.7 

Sept. 

Oct. 

Nov. 

Dec. 

3.6 

4.6 

4.0 

1.4 

1.4 

1.6 

2.5 

3.1 

3.8 

4.1 

4.2 

3.5 

3.9 

2.6 

1.7 

1.4 

1.4 

1.6 

2.5 

3.1 

3.9 

4.0 

4.1 

3.5 

3.8 

2.5 

1.6 

1.4 

1.5 

1.6 

2.4 

3.1 

3.7 

a9 

3.8 

3.4 

4.1 

2.5 

1.6 

1.4 

1.9 

1.6 

2.3 

ao 

3.6 

3.7 

3.7 

3.4 

4.0 

2.5 

1.7 

1.4 

1.5 

2.0 

2.4 

3.2 

3.6 

3,7 

3,6 

3,3 

4.1 

2.4 

1.6 

1.4 

1.5 

2.0 

2.7 

3.2 

3.4 

3.8 

3.6 

3.3 

4.4 

2.3 

2.0 

1.4 

1.5 

3.3 

2.7 

3.3 

3.3 

3.9 

3.5 

3.2 

4.3 

2.2 

1.8 

1.4 

1.4 

4.6 

3.6 

4.6 

3.2 

4.0 

3.7 

3.2 

4.4 

2.1 

2.0 

1.5 

1.4 

3.7 

3.6 

4.3 

3.1 

4.1 

3.6 

3.4 

4.5 

2.1 

2.2 

1.5 

1.4 

3.2 

3.6 

4.0 

3.0 

3.9 

3.4 

3.5 

4.2 

2.0 

2.2 

1.4 

1.4 

3.7 

3.7 

4.2 

2.9 

3.7 

3.2 

3.3 

4.1 

2.0 

2.3 

1.5 

1.5 

3.2 

3.5 

4.5 

2.8 

3.5 

3.2 

3.2 

4.0 

2.0 

2.0 

2.2 

1.7 

4.1 

3.2 

4.2 

2.8 

3.3 

3.1 

3.1 

3.8 

1.9 

2.2 

1.9 

1.6 

4.9 

3.1 

4.1 

2.8 

3.2 

3.0 

3.6 

3.7 

1.9 

1.5 

2.4 

1.6 

5.6 

3.0 

6.3 

2.9 

3.0 

3.0 

3.4 

4.4 

1.9 

1.5 

2.0 

2.2 

6.1 

4.4 

5.9 

3.1 

2.9 

3.1 

3.2 

4.2 

2.0 

.  1-5 

1.7 

2.9 

5.9 

4.0 

4.9 

3.4 

2.8 

3.0 

3.0 

3.9 

1.8 

1.5 

1.6 

2.7 

6.0 

3.7 

4.2 

5.1 

2.8 

2.9 

2.9 

3.6 

1.8 

1.5 

1.5 

2.6 

4.8 

4.4 

4.0 

5.05 

2.8 

2.9 

2.9 

3.5 

1.8 

1.5 

1.5 

2.2 

4.2 

5.7 

3.5 

5.4 

3.0 

2.9 

3.2 

3.3 

1.7 

1.4 

1.5 

2.1 

4.5 

5.3 

3.4 

5.1 

3.2 

3.0 

3.4 

3.7 

1.6 

1.4 

1.4 

1.9 

4.3 

4.6 

4.0 

4.8 

3.2 

3.1 

3.6 

3.1 

1.7 

1.4 

1.5 

1.8 

4.0 

4.3 

5.2 

5.5 

3.3 

3.4 

3.4 

3.1 

1.7 

1.4 

1.5 

1.7 

3.6 

4.2 

5.0 

5.5 

3.4 

3.4 

3.4 

2.8 

1.7 

1.4 

1.6 

1.7 

3.3 

4.5 

4.8 

4.9 

3.5 

3.6 

3.3 

2.8 

1.8 

1.4 

1.6 

1.6 

3.2 

5.3 

4.7 

5.0 

3.4 

3.4 

3.3 

2.8 

1.7 

1.3 

1.5 

2.1 

3.0 

4.8 

4.2 

4.7 

3.3 

3.8 

4.2 

2.9 

1.7 

1.4 

1.5 

1.9 

2.8 

4.3 

4.0 

3.3 

3.7 

5.7 

2.8 

1.6 

1.4 

1.4 

1.7 

2.8 

4.0 

3.9 

3.3 

3.6 

5.1 

2.7 

1.6 

1.4 

1.4 

1.7 

2. 6 

4.0 

3.8 

4.1 

4.6 

1.6 

1.4 

1.6 

4.0 

Note.— From  June  to  August  the  discharge  showed  considera])le  daily  fluctuation,  caused  by  storage 
at  logging  dams.  There  was  also  some  backwater  from  log  jams  during  the  same' period,  especially 
August  7  to  14. 


Rating  table  foi 

HI 

e  Fork  Oj 

Dis- 
charge. 

f  WilloTneUe  River  at  Jasper,  Oreg.Jor  1905-6 

Gaffe 
height. 

Dis- 
charge. 

he'i^t. 

Dis- 
charge. 

Gace 
height. 

Dis- 
charge. 

Gaee 
height 

Dis- 
charge. 

Feet. 

Sec-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.'ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

1.20 

730 

2.20 

1,790 

3.20 

3,750 

4.20 

fi.(>90 

5.40 

11,670 

1.30 

800 

2.30 

1,940 

3.30 

3,990 

4.30 

7,050 

5.(i0 

12,650 

1.40 

880 

2.40 

2,110 

3.40 

4.240 

4.40 

7,420 

5.80 

13,680 

1.50 

960 

2.60 

2,290 

3.50 

4,500 

4.50 

7.800 

6.00 

14.750 

1.00 

1,050 

2.60 

2,480 

3.60 

4,780 

4.60 

8,190 

6.20 

15,860 

1.70 

1,150 

2.70 

2,670 

3.70 

5,070 

4.70 

8,590 

6.40 

16,990 

1.80 

1260 

2.80 

2,870 

3.80 

5,370 

4.80 

9,000 

6.60 

18.150 

L90 

1,380 

2.90 

3,060 

3.90 

5,.i80 

490 

9.420 

6.80 

19,320 

2.00 

1,510 

3.00 

3,300 

4.00 

6,000 

5.00 

9,850 

7.00 

20,500 

2.10 

1,660 

3.10 

8,520 

4.10 

6,340 

5.20 

10,740 

NoTK.— The  aboTO  table  is  ai 
sMMixicniiBtt  Hilda  diuLEtg  " 


iliCAble  only  for  open-channel  conditions. 
1907  And  it  fAlrl7  veU  dfiflxiAd. 


It  is  bflidd  on  6  discharge 
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SURFACE   WATER   SUPPLY,   1906. 


Monthly  discharge  of  Middle  Fork  of  Willaviftte  River  at  Jasper y  Oreg.yfor  1905-^. 
[Drainage  area,  1,450  square  miles.] 


Discharge  in  second-iteet. 

Total  in 
acrp-fpct. 

Run-oll. 

Month. 

Maximum.   Minimum.  1    Mean. 

1                    1 

Sec.-ft.per 
sq.  mile. 

0.599 

Depth  in 
inches. 

igos. 

Septemher  16-30 

1,380 
3,520 
3,520 
6,340 

1 
730              868 

9R  mn 

9.33 

October 

880  '         1,580            07.200 

1.09 
.986 
2.32 

1-26 

November 

880  I        1,430 
1,790  ,    •   3,360 

85,100 
207,000 

1  10 

•    2.68 

The  period 

6,340 

1.790  1 

415.000 

January 

February.. 

March 

April 

May 

June 

July 

August  a . . . 
September. , 

October 

November. 
December.. 


1906. 


The  year. 


16,400 

3,300  ' 

6,720 

413,000 

12,200 

2,870  1 

6,290 

349,000 

7.420 

2,870  ! 

4,610 

283,000 

8,190 

3,080  1 

4,430 

264,000 

13,200 

3,080 

4.760 

293,000 

7,800 

2,670 

5,240 

312,000 

2,480 

1,050 

1,530 

94,100 

1,150 

800  , 

969 

59,600 

2,110 

880  1 

1,040 

61,900 

3,080 

880  ' 

1,310 

80,600 

15,.'»0 

l,OS0 

5,710 

340,000 

13,200 

1,940 

6,670 

349,000 

16,400 

800, 

4,020 

2,900,000 

4.63 

5.34 

4.34 

4.52 

3  18 

3.67 

3.06 

3.41 

3.28 

a78 

3.61 

4.03 

1.06 

1.22 

.668 

.77 

.717 

.80 

.903 

1.04 

3.94 

4.40 

a  91 

4.51 

2.77 

37.49 

a  August  7  to  14,  discharge  estimated  at  1,000  second-feet. 

Note.— Values  are  rated  as  follows:  September,  1905.  to  February,  1906,  and  Septeml)er  to  December, 
1906,  excellent;  March,  April,  July,  and  August,  good;  May  and  June,  fair. 


COAST   FORK   OF   WILLAMETTE   RIVER   NEAR   GOSHEN,  OREO. 

This  station  was  established  August  23, 1905.  It  is  located  at  the 
highway  bridge  3  miles  east  of  Goshen,  Oreg.,  9  miles  southeast  of 
Eugene,  and  about  4  miles  above  the  junction  of  Coast  and  Middle 
forks  of  Willamette  River.  The  conditions  at  this  station  and  the 
bench  marks  are  described  in  Water-Supply  Paper  No.  178,  page  221. 

Discharge  measurements  of  Coast  Fork  of  Willamette.  River  near  Goshm,  Oreg.,  in  1906. 


Date. 

Hydrographer. 

Width. 

Feet. 

80 

165 

241 

242 
243 
234 
160 
146 
154 

256 

Area  of 
section. 

204 
677 

570 
697 
402 
226 
158 
168 

1,870 

he^ 

Dis- 
charge. 

1905. 

August  23 

November  1 .... 

L.  R.  Allen : 

Feet. 
0  30 
.67 

2.78 

2.38 
2.87 
1.70 
.82 
.58 
.65 

7.75 

""•#5 

do 

182 

December  29 . . 

.  .  do 

1,910 

1,620 

2,260 

917 

1906. 

February  2 

March  22 

L.  R.  Allen 

do 

May  3 

do 

July  16 

do 

252 

August  17 

do 

132 

September  19. . . 

1907. 
January  31 

1.  E.  Oakos 

145 

I.  E.  Oakes 

10,700 
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Daily  gage  height,  infect,  of  Coast  Fork  of  Willamette  River  near  Goshen,  Oreg.,for  1906. 


1... 

Day. 

2 

3 

4 

5 1 

6 

7 

8 

9 

10 

11 

12 

13 

14    

15 

16 ' 

Feb.  '  Mar.  |  Apr.     May.    June.    July,  j  Aug.     Sept.  !  Oct. 


17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


2.0 
1.8 
1.7 
1.5  , 
1.5 

1.5 
1.5 
1.4 
1.4 
1.4 

1.4 
1.3 
1.3 
1.4 
2.2 

2.5 
2.2 
2.0 
2.0 
2.0 

1.9 
2.4 
2.9 
2.5 
2.3 

2.3 

2.1 
2.5 
9.5  ! 
5.7 
4.4 


3.4 
2.9 
2.8 
8.0 
2.7  , 
I 
2.6 
2.7 
2.9 
3.5 
3.0 

2.7 
2.5 
2.5 
2.3 
2.3 

2.3 
2.9 
2.6 
2.3 
2.0 

2.0 
1.8 
1.5 
1.6 
1.6 

1.5 
1.5 
1.5 
1.5 
1.4 


I 


1.3 
1.3 
1.2 
1.2 
1.3 

1.1 
1.1 
1.1 
1.1 
1.0 

1.0 
1.0 
1.0 
.9 

.9  1 

.8  1 
.8  I 
.8  I 
.8 
.8 

.8 
.8 
.8  . 
.8  , 
.8 


a6 


.6 

.6  I 

•«  I 
.5 
.5  . 
.5 
.6 

i\ 

.5 
.4 


a3 

.3 
,3 
.3 
.3 

.3 
.3 
.3 
.3 
.3 

.3 
.5 
.5 

8 


.4 

1.0 

.4 

1.0 

.5 

.8 

.5 

.8 

.5 

.7 

.5 

.5 

.5 

.6 

.5 

.5 

.5 

.6 

.5 

.7 

.4 

1.0 

.3 

.8 

.3 

•  V 

.3 

.6 

.3 

.6 

.3 

a7 

.7 
.6 
.5 
.7 

.7 
.5 
.5 
.5 


.6 
.8 
1.0 
1.0 
1.0 

1.2 
1.5 
1.9 
1.8 
1.7 

1.5 

1.4 
1.4 
1.0 
1.0 

1.0 
1.0 
.9 


Nov. 

Deo. 

as 

1.4 

.8 

1.4 

.8 

1.5 

1.0 

1.6 

1.5 

1.7 

1.6 

1.8 

1.9 

2.3 

2.0 

2.9 

2.5 

3.0 

2.0 

3.4 

2.0 

3.0 

2.0 

2.7 

2.0 

2.3 

3.0 

2.3 

3.4 

2.1 

6.2 

4.0 

4.3 

3,7 

6.0 

3.0 

4.7 

3.2 

ao 

4.4 

a6 

4.0 

3.0 

3.0 

3.0 

3.0 

2.6 

3.4 

2.3 

4.0 

2.0 

6.0 

2.0 

4.2 

2.0 

3.3 

1.7 

2.6 

1.5 

2.8 

2.3 


Rating  table  for  Coast  Fork  of  Willamette  River  near  Goshen,  Greg.,  for  190S-6. 


Gage 
height. 

Feet. 

Dis- 
charge. 

Sec.-ft.  1 

hei^l 
Feet. 

Dis- 
charge. 

Sec.-ft. 

Gage 
1  height. 

Dis- 
charge. 

Sec.-ft. 

Gage 
,  height. 

Feet. 

Dis- 
charge. 

Sec.-ft. 

Gage 
height. 

Dis- 
charge. 

Sec-jU 
7,670 

Feet. 

Feet. 

0.20 

52 

1.40 

635 

2.6U 

1,880 

1    3.80 

3,610 

6.00 

0.30 

68 

1.50 

720 

2.70 

2,005 

3.90 

3,775 

6.20 

8,070 

0.40 

89 

1.60 

810 

2.80 

2,135 

4.00 

3,940 

6.40 

8,470 

0.50 

115    : 

1.70 

905 

2.90 

2,270 

4.20 

4,280 

6.60 

8,870 

0.60 

147 

1.80 

1,005 

3.00 

2,410 

4.40 

4,625 

6.80 

9,270 

0.70 

186 

1.90 

1,105 

3.10 

2.550 

4.60 

4,980 

7.00 

9,670 

0.8C 

232 

2.00 

1,210 

3.20 

2,695 

4.80 

5,350 

8.00 

11,750 

0.90 

285 

2.10 

1.315 

3.30 

2.840 

,     5.00 

5,720 

9.00 

13,850 

1.00 

345 

2.20 

1,420 

3.40 

2.990 

5.20 

6,100 

10.00 

16,050 

1.10 

410 

2.30 

1,530 

3.50 

3,140 

5.40 

6.485 

1.20 

480 

2.40 

1.645 

3.60 

3,295 

5.60 

6,875 

1.30 

555    , 

1 

2.50 

1,760 

3.70 

3.450 

5.80 

7,270 

Note.— The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  9  discharge 
measarements  made  during  1005-1007  and  is  well  detlncd  between  gage  heights  0.3  foot  and  3.0  (eet. 


Digitized  by 


Google 


162 


SURFACE   WATEB  SUPPLY,   1906. 


Monthly  ditcharge  of  Coast  Fork  of  WiUamette  River  near  Ooshen,  Greg,,  for  1905-6. 
[Drainage  area,  600  square  miles.] 

RuD-off. 


Month. 


1005.a 

August  23-31 

September  1-20 

October  4-31 

November 

December 


The  period . 


January 

February.. 
March..... 
April 

June 

July 

August 

September. 

October 

Noveml>er. 
December.. 


1906.fr 


Discharge  in  second-feet. 


Maximum.   Minimum 


68 
1,530 
2,410 
5,720 


10,700 

9.670 

4.450 

6.160 

16,000 

3,140 

555 

147 

345 

1,100 

6,100 

6,720 


The  year. 


15,000 


58 
52 

115 
68 

555 


Mean. 


64.7 
50.5 

492 

483 
1.870 


1,760 
555 
810 
635 
555 
635 
186  ' 

68; 

68 
115  ' 
232 
635 


3,820 

3.080 

1,700 

1.4(30 

1.870 

1,620 

311 

100 

147 

373 

1,920 

2,410 


Total  in 
acre-feet. 


1,150 

2,240 

27.300 

28,700 

115.000 


174,000 


235,000 
171.000 
110,000 

86,900 
115,000 

96,400 

19,100 
6,700 
8,760 

22,900 
114,000 
148,000 


1,580       1,130,000 


Sec.-ft  per 
sq.  mile. 


0.094 
.082 
.713 
.701 

2.71 


&54 

4.46 

2.60 

2.12 

2.71 

2.35 

.451 

.158 

.213 

.541 

2.78 

3.49 


2.28 


Depth  in 
inches. 


0.031 
.061 
.742 
.782 

3.12 


6.39 

4.64 

2.99 

2.36 

3.12 

2.62 

.320 

.182 

.238 

.62 

3.10 

4.02 


X.80 


o  Vahies  for  1905  are  rated  as  follows:  August  to  November,  good;  December,  fair. 
f>  Values  for  1906  are  rated  as  excellent. 

m'kENZIE    river   near   SPRINGFIELD,    OREG. 

This  station  was  established  September  12,  1905,  by  L.  R.  Allen. 
It  is  located  at  Hendricks  Ferry,  1 1  miles  above  Springfield,  about  3 
miles  above  the  mouth  of  Camp  Creek.  The  conditions  at  the  sta- 
tion and  the  bench  marks  are  described  in  Water-Supply  Paper 
No.  178,  page  222. 

Discharge  measurements  of  McKemie  River  near  Springfield,  Greg.,  in  ] 905-6. 


Date. 


1905. 
Septeml)er  12.. 
November  10.. 
December  30.. 


Ilydrographer. 


1906. 

Februarys 

March  24. 

May  4 

June  7 

July  26 

August  15 

September  18... 


L.K.Allen. 

....do 

do 


L.R.Allen.. 

do 

....do 

do 

....do 

do 

I.  E.  Oaketr- 


^'idth. 

A  rea  of 
section. 

Oage 
height. 

Dis- 
charge. 

Fret. 

Sq.ft. 

Feet. 

Sec.-ft. 
1,570 

395 

928 

1.30 

398 

880 

1.12 

1.810 

404 

1.370 

2.65 

4,900 

372 

1,400 

2.66 

5.280 

342 

1,190 

2.14 

3,090 

384 

1,400 

2.71 

5,040 

379 

1.430 

02.77 

5,160 

327 

1,100 

0  1.40 

2.260 

328 

1.110 

al.40 

1,960 

315 

024 

1.05 

l,»iO 

a  Affected  by  log  Jam. 
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Dcaly  gage  height,  in  feet,  of  McKenzie  River  near  Springfield,  Oreg.,Jar  1906. 


Day. 


1.. 

2.. 
3.. 
4.. 
5.. 

6.. 

7.. 
8.. 
9.. 
10.. 

11.. 
12.. 
13.. 
14.. 
15.. 

16.. 
17.. 
18.. 
19.. 
20.. 

21.. 
22.. 
23.. 
24.. 
25.. 

26.. 
27.. 
28.. 
29.. 
30.. 
31.. 


Jan. 

Feb. 

Mar. 

Apr. 

2.4 

ai 

a  3 

a56 

2.2 

ao 

ai 

2.85 

2.1 

2.9 

ao 

2.7 

2.2 

2.75 

2.85 

2.65 

2.3 

2.66 

2.8 

2.6 

2.45 

2.6 

2.9 

2.75 

2.5 

2.4 

ao 

2.8 

2.5 

2.3 

as 

2.9 

a2 

2.2 

a2 

ao 

2.8 

2.1 

a  16 

2.85 

3.0 

2.1 

2.86 

2.7 

3.1 

2.05 

2.7 

2.6 

3.3 

2.0 

2.C 

2.56 

3.05 

2.0 

2.4 

2.55 

2.86 

2,1 

2.3 

2.7 

4.25 

2,15 

2.2 

2.75 

3.7 

2.4 

2.15 

2.8 

3.6 

ao 

2.1 

2.75 

3.2 

a95 

2.0 

2.7 

2.05 

4.6 

2.0 

2.35 

2.5 

4.2 

2.1 

2.6 

2.95 

4.06 

2.1 

2.65 

4.9 

4.1 

2.0 

2.85 

4.45 

4.3 

2.16 

ao 

4.2 

4.06 

2.24 

a  15 

ae 

a9 

2.5 

2.9 

a35 

ae 

2.66 

2.85 

a2 

a45 

2.5 

2.9 

ao 

2.5 

2.8 

-  ai5 

2.8 

2.75 

1    ^3 

a6 

Hay. 

June. 

2.75 

.« 

2.65 

2.75' 

2.65 

2,7 

2.7 

2.7 

2.6 

2.8 

2.6 

ao 

2.5 

a  26 

2.6 

a  15 

2.6 

a4 

2.6 

a2 

2.45 

a  05 

2.35 

2.8 

2.26 

2.7 

2,7 

ai 

2.6 

a46 

2.65 

a  4 

2.65 

a  4 

2.45 

ai 

2.4 

2.86 

2.a5 

2.8 

2.35 

2.46 

2.55 

2.3 

2.6 

2.2 

2.55 

2.15 

2.5 

2.1 

2.5 

2.05 

2.55 

2.0 

2.45 

2.0 

a  7 

2.05 

aG5 

2.0 

a  45 

1.95 

ao 

1.9 

1.85 

1.8 

1.8 

1.75 

1.75 

1.7 

1.7 

1.65 

1.7 

1.8 
1.85 
1.95 
2.05 
2.0 

2.05 

1.5 

1.4 

1.4 

1.45 

1.46 
1.6 
1.45 
1.45 
1.45 

1.46 

1.45 

1.4 

1.4 

1.4 

1.4 


Aug.     Sept.     Oct.      Nov. 


I 


1.4 

1.0 

1.4 

1.15 

1.4 

1.15 

1.4 

1.1 

1.4 

1.1 

1.4 

1.1 

1.4 

1.06 

1.4 

1.06 

1.4 

1.0 

1.4 

1.0 

1.4 

l.O 

1.6 

1.3 

1.8 

1.15 

2.15 

1.25 

2.25 

1.3 

1.8 

1.95 

1.2 

2.6 

1.1 

2.3 

1.05 

2.2 

1.25 

1.9 

1.2 

1.6 

1.15 

1.45 

1.1 

1.4 

1.1 

1.4 

1.1 

1.36 

l.W 

1.7 

1.05 

2.0 

1.05 

1.7 

1.0 

1.8 

1.0 

1.6 

1.8 

1.3 
1.3 
1.3 
1.4 
1.5 

1.55 
1.35 
4.6 
a  2 

a7 

4.4 

ao 

5.6 
6.5 
6.5 

6.2 

&35 

4.3 

4.1 

4.0 

a  9 
a  6 
a  3 
a  2 

2.9 

2.6 

2.56 

2.45 

2.3 

2.2 


I 


I)«c. 


2.1 

2.0 

1.9 

1.95 

2.0 

2.06 

ai 

2.96 
2.76 
2.7 

2.6 

ai 
a  2 
a2 

2.96 

2.9 

2.9 

2.8 

2,75 

4.0 

6.0 

4.9 

4.85 

4.66 

4.4 

4.15 
a  9 

a  65 
a  45 
a  2 

2.95 


Rating  table  for  McKenzie  River  near  Springfield,  Oreg,,for  1905-6. 


heS^t. 

Dis- 
charge. 

Gage 
height. 

DiSH      1 

charge. 
Sec-fl. 

Gage 
height. 

Feet. 

Di»- 
charge. 

Sec.-ft. 

!    Gage 
1  height. 

Feet. 

Dis- 
charge. 

Sec.-ft. 

''  hei^t. 
'     Feet. 

Di«- 
chargo. 

Feet. 

Sec.-ft. 
1,630 

j    Feet. 

Sec.-ft. 

LOO 

1.80 

3,000 

2.60 

4,760 

a  40 

6,(»20 

4.40 

10,090 

1.10 

1,780 

1.90 

3,200 

2.70 

5,010 

5.50 

7,210 

1     ^(iO 

10, 770 

1.20 

1,980 

2.00 

3,410 

2.80 

5,270 

,    a  60 

7,510 

1      4.80 
5.00 

11,450 

1. 30 

2.090 

2.10 

3,620 

2.90 

5,530 

1  a  70 

7,820 

12,  IfiO 

1.40 

2,260 

,    2.20 

3,840    ' 

a  00 

5.800 

a  80 

8,130 

II    6.00 

lo,  iViO 

1.50 

2.440 

2.30 

4,060 

a  10 

6.070 

a  90 

8,450 

l'    7.00 

19,250 

1.00 

2,620 

2.40 

4,290 

a20 

6.  aw 

4.00 

8,770 

1 

1.70 

2,810 

1    2.50 

4,520 

a  30 

6,r«) 

1    4.20 

9,420 

Nons.— The  above  table  is  applicable  only  for  ojpon-channrl  conditions.    It  is  basrKi  on  6  discharge 
meaanrements  made  during  1905-6  and  is  fairly  well  defined  betwi«n  gage  heights  1  foot  and  3  feet. 
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Monthly  discharge  of  McKemie  River  near  Springfield^  Oreg.y/or  J905-6, 
[Drainagm  area,  960  square  miles.] 


Month. 


1905.a 

September  12^30 

Octol)rr 

November 

December 


The  period . 


January 

February 

March 

April 

May 

June 

July 

August 

Soptemlier*.. 

October 

November.. 
Deoembt^r . . , 


1906.» 


Discharge  in  second-feet. 
Maximum.  Minimum.      Mean. 


Kun-off. 


Total  in 


2.810 
5,270 
4.060 
6,920 


! 

2,090  I 
2,090 
1,780  I 
2,810  I 


2,230 
2,770 
2,260 
4,010 


I 


11,800 
10,800 
7,210 
7.360 
7,820 

7.060  ; 

3,510  I 
2.350  I 
3.950 
4.760 
17,400 
15.600 


3,620 
3,410 
3.410 
4,170 
3.950 
3.300 
2,260 
2.260 
1,630 
1,630 
2,090 
3,200 


The  period . 


I 


17,400  I 


1,630 


6.200 
5,980 
4,850 
5.220 
4,900 
5.040 
2.710 
2,260 
2,200 
2.440 
7,300 
6,650 


4,650 


re-feet. 

Sec. 
sq. 

-It.  per 
mile. 

Depth  in 
inches. 

84,000 
170,000 
134,000 
247,000 

2.32 
2.89 
2.35 
4.18 

1.64 
3.33 
2.62 
4.82 

635,000  ' 


381,000 
332,000 
298,000 
311.000 
301,000 
300.000 
167,000 
139.000 
131,000 
150.000 
434.000 
409,000 


6.46  , 

6.23  > 

5.05 

5.44 

5.10 

5.25 

2.82 

2.35 

2.29 

2.54 

7.60 

6.93 


7.45 
6.49 
5.82 
6.07 
5.88 
5.K6 
3.25 
2.71 
2.56 
2.98 
8.48 
7.99 


3,350,000  I 


4.84 


65.49 


oValues  for  1905  are  rated  as  follows:  November  and  December,  excellent;  October,  fair;  Septemlier, 
approximate. 

h  Values  are  rated  as  follows:  January  to  July,  good;  August  to  December,  fair. 

c  During  the  morning  of  Septemlx^r  17, 1906,  there  was  a  drop  of  0.5  foot  In  the  water  due  to  the  removal 
of  a  lop  jam  lodged  on  a  bar  200  yards  IxMow  the  page.  The  daily  discharge  September  12  to  17  was 
appliea  as  if  open-channel  conditions  existed.  It  is  impossible  to  Judge  accuratclv  the  extent  of  the 
backwater  effect  from  this  lop  jam  owinp  to  a  natural  rise  from  rains  about  the  middle  of  September, 
but  the  monthly  mean  for  this  month  is  oelieved  to  be  not  more  than  2  or  3  per  cent  too  high  from  this 
cause.  Estimates  for  this  station  are  affected  by  log  drives  which  cause  ctumges  In  the  chaxmel  and 
modify  the  flow  generally. 

NORTH   FORK  OF   SANTIAH   RIVER  AT  MEHAMA^    OREO. 

This  station  was  established  July  11,  1905.  It  is  located  just 
below  the  highway  bridge  at  Mehama;  Oreg.,  about  IJ  miles  north 
of  Lyons,  the  nearest  railroad  station,  which  is  about  12  miles  below 
the  junction  of  Little  North  Fork  and  North  Fork.  The  conditions 
at  tnis  station  and  the  bench  marks  are  described  in  Water-Supply 
Paper  No.  178,  page  224. 

Discharge  measureTnents  of  North  Fork  of  Santiam  River  at  Mehama j  Oreg.,  in  1905-1907. 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

hei^. 

Dis- 
charge. 

1905. 
July  11 

L.  R.  Allen 

Feet. 
160 
202 
155 
250 

249 
251 
250 
250 
253 
242 
237 
242 

906 

1,010 
756 
927 

926 
1,000 
927 
947 
1,030 
632 
560 
585 

2,710 

Feet. 
2.90 
4.44 
2.90 
4.24 

4.20 
4.51 
4.20 
4.28 
4.66 
8.04 
2.64 
2.88 

11.00 

8ee.-ft. 
1.060 

October  18  <» 

do 

3,560 

No  veral)er  16 . . . 

J.  H.  Lewis 

973 

D€^cember  12 

L.  R.  Allen 

2,880 

2,230 
3,320 
2,740 

1906. 

January  4a 

February  7. 

L.  R.  Allen 

do 

March  26 

....do 

May  7     . .     . 

do 

2,800 
3.060 

May  15  6 

do 

July  17 

do 

1,060 

August  21 

September  27. . . 

1907. 
February  6 

do 

I.  E.  Oakes 

I.  E.  Oakes 

756 
906 

29,100 

a  Measurement  unreliable.    »  BackwAt«r  from  log  jsm. 
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Daily  gage  height,  in  feet,  of  North  Fork  of  Santiam  River  at  Mehama,  Oreg.,for  1906. 


Day. 


Jan.      Feb.  ;  Mar.     Apr.  '  May.  ;  June.    Jaly 


1.. 
2.. 
3-. 
4.. 
5.. 


6. 
7. 

8. 
9. 
10. 

II. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


4.35 

4.2 

4.1 

4.2 

4.4 

4.5     I 

4.5 

4.6 

5.1 

4.85 

5.5 
5.0 
5.3 
5.0 
4.7 

5.3 
5.3 
5.15 

4.8 
4.5 

4.35 

4.5 

6.3 

&55 

6.8 

6.25 

5.85 

5.5 

5.4 

5.4 

6.1 


5.8 
5.9 
5.5 
5.2 
5.0 

4.75 
4.6 
4.4 
4.25 
4.15 

4.05 
4.0 
3.9 
3.9 
4.2 

4.3 
4.9 
6.2 
7.7 
8.1 

7.85 
7.05 
6.85 
6.4 
6.05 

6.4 
6.6 
5.95 


5.5 

5.45 

5.3 

5.0 

5.2 

4.7 

5.15 

4.55 

5.0 

4.55 

5.25 

4.8 

5.4 

5.0 

6.6 

6.0 

5.5 

5.3 

5.65 

5.0 

5.2 

5.0 

4.0 

5.0 

4.7 

4.85 

4.4 

4.8 

4.2 

4.5 

4.1 

3.9 

3.95 

3.9 

3.8 

3.8 
3.8 
3.7 
3.95 
3.05 

4.2 
4.3 

4.25 
4.25 
4.65 
6.1 


4.6 
4.6 
4.3 
4.3 
4.3 

4.9 
4.7 
4.6 
4.5 
5.2 

5.2 
4.95  I 
5.2 
4.95 
4.9 


5.0 
4.6 
4.6 
4.6 
4.6 

4.3 
4.3 
4.3 
4.5 
4.6 

5.0 
4.45 
4.25 
4.4 
6.0 

4.2 

4.05 

4.06 

4.25 

4.2 

4.5 
4.5 
4.5 
4.3 
4.2 

4.3 

4.2 

4.1 

4.35 

4.6 

4.35 


4.3 
4.1 
4.2 
4.8 
4.5 

5.0 
5.4 
5.1 
5.1 
5.1 

4.7 
4.8 
4.7 
4.4 
4.5 

6.4 

5.0 

4.75 

4.5 

4.36 

4.2 
4.2 
3.9 
3.9 
3.8 

3.75 
3.65 
3.65 
3.65 
3.85 


3.8 
3.8 
3.7 
3.65 
3.6 

3.5 

3.4 

3.35 

3.3 

3.25 

3.25 
3.2 
3.2 
3.2 
3.15 

3.1 
3.1 
3.0 
3.0 
3.0 

2.95 
2.95 
2.95 
2.9 
2.9 

2.85 
2.85 
2.85 
2.8 

2.8 
2.8 


^ug. 

Sept. 

• 

Oct. 

2.8 

2.6 

2.7 

2.8 

2.55 

2.8 

2.8 

2.55 

3.55 

2.75 

2.65 

3.6 

2.75 

2,55 

3.3 

2.75 

2.55 

3.1 

2.75 

2.55 

2.95 

2.75 

2.55 

2.9 

2.75 

2.65 

2.8 

2.7 

2.65 

2.8 

2.7 

2.6 

2.8 

2.7 

2.7 

3.25 

2.7 

3.15 

3.3 

2.7 

4.1 

3.0 

2.7 

4.2 

3.3 

2.7 

3.1 

6.1 

2.7 

3.06 

6.3 

2.7 

2.9 

5.2 

2.65 

2.9 

4.75 

2.65 

2.8 

4.35 

2.65 

2.75 

3.9 

2.65 

2.7 

3.7 

2.6 

2.7 

3.5 

2.6 

2.96 

3.4 

2.6 

3.15 

3.4 

2.6 

2.9 

4.2 

2.6 

2.8 

4.3 

2.6 

2.8 

3.85 

2.6 

2.75 

3.8 

2.6 

3.5 

2.6 

3.4 

Nov. 


3.3 

3.25 

3.2 

3.45 

3.8 

3.7 
9.66 
10.0 
6.9 
8.6 

6.6 
6.75 
11.25 
12.35 
11.7 

8.8 

9.1 

8.65 

6.6 

6.9 

6.06 

6.5 

5.1 

4.9 

4.6 

4.4 

4.3 
4.0 
4.0 
3.8 


Dec. 


3.75 

3.7 

3.7 

3.6 

3.75 

4.0 
6.2 
6.5 
6.2 
4.8 

4.85 

4.6 

4.6 

4.2 

4.6 

7.3 
6.4 
6.0 
5.4 
10.6 

9.6 
7.2 
6.4 
6.4 
6.6 

6.6 

6.3 

5.45 

5.2 

5.2 

5.0 


Note.— Gage  heights  for  May  and  June  were  aflecti^d  by  log  Jams. 

Rating  table  for  North  Fork  of  Santiam  River  at  Meharna,  Or  eg.,  for  1905-6. 


Gage 
height. 

Dis- 
charge. 

Gage 
height. 

1     Di». 
charge. 

'   Gage 
1  height. 

Feel. 

Dis- 
charge. 

heiSt. 

Feet. 

Dis-     1 
charge. 

Sec.-ft. 

Gage 
height. 

Dis- 
charge. 

Feet. 

Feei. 

Sec.-ft. 
1    1,570 

Sec.-ft. 

Feet. 

Sec.-ft. 
13,750 

2.40 

3.40 

4.40 

3,100 

;    5  80 

6,410 

7.80 

2.50 

660 

3.50 

1    1,700 

4.50 

3,280 

6.00 

7,000    . 

8.00 

14.600 

2.60 

740 

3.60 

1    1,840 

4.00 

3,470 

6.20 

7,630 

9.00 

19,200 

2.70 

820 

3.70 

1,980 

4.70 

3,670 

a40 

8.300 

1  10  00 

24,100 

2.80 

910 

3.80 

2,130 

4.80 

3,880 

6.60 

9,000 

11.00 

29,100 

2.90 

1,000 

3.90 

2,280 

'    4.90 

4,100 

6.80 

9,730 

12.00 

34.300 

3.00 

1.100    , 

4.00 

I    2,430 

i    5.00 

4,330 

7.00 

10.500 

13.00 

39,800 

3.10 

1,210 

,    4.10 

2,590 

■     5  20 

4,810 

7.20 

11,290 

3.20 

1.320 

4.20 

2,750 

5  40 

6.320 

7.40 

12.090 

3  30 

1,440 

4.30 

j    2,920 

1    5.60 

5,850 

7.60 

12,910 

i 

Note.— The  al)OVP  table  is  applicable  only  for  opon-channol  conditions.    It  is  based  on  10  discharge 
xneaBorements  made  during  1905-1907  and  is  well  defined  between  gage  heights  2.5  feot  and  4.5  feet. 
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Monthly  dixharge  of  North  Fork  of  Santiam  River  at  Mehanuiy  Oreg.ffor  190S-6. 


[Drainage  I 


,  740  square  miles.] 


Month. 


July  11^1.. 

August 

September. 

October 

November. , 
December.. 


1906. 


Discharge  in  second-feet. 


Maximum.   Minimum 


The  period. 


January 

February.. 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December.. 


1906. 


The  year. 


1,000 

780 

780 

Gm 

3,010 

025 

9,730 

1,500 

3,880 

1.000 

6.700 

2,430 

17,100 

15.000 

7,310 

5.450 

4.330 

5,320 

2,130 

910 

2,750 

5.060 

36.200 

27.100 


2.590 

2,280 

l.l.W 

2,920 

2,510 

1,910 

910 

740 

700 

820 

1,320 

1.700 


3<K200  , 


700 


Mean. 


876 

727 

952 

3.460 

1,830 

4,010 


5,060 
6,180 
3,680 
3,970 
3,170 
3,280 
1,310 
809 
1,030 
1,990 
10.300 
6.450 

3.930 


ToUl  in 
acre-feet. 


36,500 
44,700 
56.600 
213,000 
109,000 
247,000 


707.000 


311.000 
343,000 
226.000 
236.000 
195.000 
195,000 
80,600 
49.700 
61,300 
122.000 
613.000 
397.000 

2,830.000 


Run-off. 

Sec.4t.per  Depth  in 
sq.  mile.       inches. 


1.18 
.982 
1.29 
4.68 
2.47 
5u42 


0.92 
1.13 
1.44 

5.40 
2.76 
a25 


6.82 
8.35 
4.97 
5.36 
4.28 
4.43 
1.77 
1.09 
1.39 
2.69 
13.92 
8.72 


7.86 
8.70 
5.73 
5.96 
4.98 
4.M 
2.04 
1.26 
1.55 
3.10 
15.53 

iao5 


5.31 


71.67 


Note.- Values  are  rated  as  follows:  1905.  January,  April,  and  July  to  December,  1906,  excellent: 
May  and  June,  190(i,  fair;  affected  by  log  jams. 

SOUTH   FORK   OF    SANTIAM   RIVER   AT    WATERLOO,  OREG. 

This  station  was  established  July  28, 1905.  It  is  located  about  one- 
half  mile  below  the  highway  bridge  at  Waterloo,  Oreg.  The  station 
is  about  4  miles  above  the  mouth  of  Hamilton  Creek,  and  about  3 
miles  above  a  dam  which  diverts  water  into  a  canal  for  the  use  of  the 
town  of  Albany.  The  conditions  at  this  station  and  the  bench  marks 
are  described  in  Water-Supply  Paper  No.  178,  page  225. 

Discharge  measurements  of  South  Fork  of  Santiam  River  at  Waterloo^  Oreg.,  in  1906. 


Date. 


1905. 
July  28 


1906. 

January  5 

February  6 

March  27 

Mav8 

May  14 

August  20 

September  26.. 


Ilydrographer. 


L.  R.  Allen. 


L.  K.  Allen. 

....do 

....do 

....do 

do 

do 

I.  E.  Cakes. 


Width 


Area  of 
■   section. 


Feet. 
150 


315 
315 
304 
238 
243 
142 
155 


Sq.ft. 
246 


831 
802 
616 
460 
481 
199 
273 


Gage 
height. 


Feet. 
1.06 


3.49 
3.36 
2.85 
2.30 
2.28 
.93 
1.40 


Dis- 
charge. 


Sec.-ft. 
375 


3.550 
3.410 
2.390 
1,560 
1,550 
263 
555 
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Daily  gage  height,  in  feet,  of  South  Fork  of  Santiam  River  at  Waterloo,  Oreg,,for  1906. 


Day. 


1.. 
2.. 
3.. 
4.. 
5.. 

6.. 
7.. 
8.. 
9.. 
10.. 

11. 
12.. 
13. 

14.. 
15.. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 

25. 


27. 
28. 
29. 
30. 
31. 


3.7 
3.2 
3.3 
3,2 
3.4 

3.5 
3.7 
3.6 
4.2 
4.0 

4.1 
4.3 
50 
4.4 
4.3 

4.6 
5.4 
5.0 
4.4 
3.9 

3.5 
3.4 

4.8 
7.1 
6.1 

5.5 
4.9 
4.5 
4.3 
4.5 
4.8 


4.6 
4.4 
4.3 
3.9 
3.6 

3.4 
3.1 
3.1 
3.0 
2.9 

2.7 
2.6 
2.6 
2.6 
3.0 

3.0 
3.4 
3.8 
5.9 
7.0 

6.9 
5.9 
5.9 
&9 
5.6 

5.3 
6.2 
5.1 


4.6 
4.2 
3.9 
3.9 


4.0 
4.6 
4.4 
4.5 
4.2 

3.8 
3.5 
3.3 
3.2 
2.9 


Apr. 


4.4 

3.7 
3.5 
3.3 
3.2 

3.1 
3.2 
3.1 
3.5 
3.2 

3.0 
2.8 
2.7 
2.6 
2.6 


2.7 

2.7 

2.7 

2.6 

2.6 

2.5 

2.6 

2.5 

2.5 

2.5 

2.6 

2.7 

2.6 

2.6 

2.5 

2.6 

2.6 

2.6 

2.6 

2.8 

2.8 

3.8 

2.9 

3.5 

2.8 

3.7 

2.9 

3.5 

2.8 

3.2 

4.5  I 


3.1 
2.4 
2.7 
2.7 
2.5 

2.4 
2.4 
2.3 
2.3 
2.3 

2.2 
2.2 
2.1 
2.3 
2.6 

2.8 
2.6 
2.6 
2.8 
2.7 

3.2 
3.4 
3.2 
3.0 
2.9 

2.4 
3.0 
2.9 
3.7 
3.8 
3.6 


June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

3.2 

2.2 

1.2 

0.7 

1.2 

2.9 

2.5 

3.0 

2.1 

1.2 

1.1 

2.9 

2.5 

2.9 

2.0 

1.2 

1.5 

2.9 

2.4 

3.5 

1.8 

1.1 

2.0 

2.5 

2.4 

3.2 

1.7 

1.1 

1.6 

2.3 

2.5 

3.6 

1.8 

1.1 

1.5 

2.3 

2.6 

3.8 

1.8 

1.1 

1.3 

7.4 

3.5 

4.3 

1.7 

1.1 

1.2 

11.2 

4.0 

4.0 

1.7 

1.0 

1.1 

6.6 

3.7 

3.4 

1.6 

1.0 

1.1 

5.3 

3.6 

3.9 

1.6 

1.0 

1.0 

5  6 

3.6 

3.3 

1.6 

1.0 

1.3 

7.5 

3.5 

3.3 

1.6 

1.0 

1.5 

10.0 

3.7 

3.1 

1.5 

1.0 

1.8 

1.3 

13.5 

3.3 

3.1 

1.5 

1.0 

1.9 

1.4 

10.0 

4.1 

3.7 

1.5 

1.0 

1.7 

1.5 

8.5 

4.0 

3.7 

1.5 

1.0 

1.7 

4.4 

8.5 

3.6 

3.2 

1.5 

1.0 

1.7 

4.0 

8.2 

4.5 

3.0 

1.4 

1.0 

1.4 

4.7 

8.1 

7.7 

2.7 

1.4 

.9 

1.3 

4.8 

5.2 

7.8 

2.7 

1.3 

.8 

1.2 

2.3 

5.1 

6.5 

2.6 

1.3 

.8 

1.2 

2.3 

4.8 

5.0 

2.5 

1.3 

.8 

1.2 

2.1 

4.2 

4.85 

2.4 

1.3 

.8 

1.3 

2.1 

4.8 

4.8 

2.2 

1.3 

.8 

1.3 

2.3 

3.5 

5  6 

2.2 

L2 

.7 

1.3 

2.4 

3.3 

5.9 

2.3 

1.2 

1.0 

2.9 

3.4 

4.8 

2.3 

1.2 

1.0 

2.5 

3.0 

4.4 

2.4 

1.2 

1.1 

2.2 

2.7 

4.0 

2.4 

1.2 

1.1 

2.1 

2.7 

3.1 

^ 

1.2 

2.3 

3.8 

Rating  table  for  South  Fork  of  Santiam.  River  at  Waterloo,  Orrg.,for  i  905-6. 


Qage 
heiglit. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. 

1  height. 

Dis- 
charge. 

heigSt. 

Dis- 
charge. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

Feet. 

Sec.-ft. 

0.60 

.     Iffl 

1.70 

850 

2.90 

2,510 

4.20 

5.260 

6.60 

12,380 

0.flO 

158 

1.80 

960 

3.00 

2,680 

4.40 

5.780 

6.80 

13,040 

0.70 

192 

1.90 

1,070 

3.10 

2.860 

4.60 

6.310 

7.00 

13,700 

0.80 

230 

2.00 

1,190 

3.20 

3.050 

1    4.80 

6,850 

8.00 

17.000 

0.90 

273 

2.10 

1,320 

3.30 

3.240 

5.00 

7,400 

9.00 

20,400 

1.00 

320 

2.20 

1,450 

3.40 

3,440 

5.20 

7,980 

10.00 

23,900 

1.10 

370 

2.30 

1,590 

3.50 

3.640 

5.40 

8.580 

11.00 

27,500 

1.20 

430 

2.40 

1,730 

3.60 

3.8.W 

5.60 

9,190 

12.00 

31,200 

1.30 

500 

'    2.50 

1,870 

3.70 

4.070 

.    5.80 

9,810 

13.00 

35,000 

1.40 

580 

2.60 

2,020 

3.80 

4,290 

6.00 

10,450 

14.00 

38,800 

1.50 

660 

2.70 

2,180 

3.90 

4.520 

6.20 

11,090 

1.60 

750 

2.80 

2,340    : 

4.00 

4,760 

6.40 

11,730 

Note.— The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  8  discharge 
measurements  vmade  during  1905-6  and  is  well  defined  between  gage  heights  0.9  loot  and  4  feet. 
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SURFACE   WATER   SUPPLY,   1906. 


Monthly  dischcarge  of  South  Fork  of  Santiam  River  at  Waterloo^  Oreg.yfor  1905-6, 
[Drainage  area,  640  square  miles.] 


DLscliargo  in  soeond-feet. 


Month. 


Maximum. 


August 

September. , 

October 

November. , 
December. . 


345 
1.070 
6,040 
3.440 
7.120 


The  period . 


January 

February.. 

Marcii 

April 

May 

June 

July 

August 

September. 

October 

Noveml)er. 
December.. 


1906.6 


The  period . 


14.000 

13,700 

6,310 

5,780 

4.290 

5.520 

1.450 

430 

1.070 

6,850 

36,900 

16,300 


Minimum. 


230 
158 
660 
580 
2,180 


3.  aw 

2.020 

1.870 

1.870 

I.. 320 

1.450 

430 

192 

192 

320 

1,590 

1,730 


36,900  I 


192 


Mean. 


297 

314 

2,340 

1.270 

4,140^ 


5,790 

6,910 

3,490 

2,850 

2,310 

2,900 

707 

298 

411 

1,640 

10,300 

5,470 


3,510 


Total  in 
acre-feot. 


18,300 
18.700 

144,000 
75.000 

255,000 


Run-ofl. 


Sec.-ft.per  Depth  in 
sq.  mile.    I   inches. 


.464 
.491 

3.66    ' 

1.98 

6.47 


0.54 

.55 

4.22 

2.21 

7.46 


612,000  ; 


356.000 

328.000 

215,000 

170,000 

142,000 

173.000 

43,500 

18.300 

24,500 

101,000 

613,000 

330,000 


2,520,000 


9.  as 

9.23 

6.45 

4.45 

3.61 

4.53 

1.10 
.466 
.642 

2.66    . 

16.09  ; 

8.66 
6.48    I 


10.43 
9.61 
6.28 
4.96 
4.16 

5.  as 

1.27 
.64 
.72 

2.95 
17.95 

9.86 

73.78 


«  Values  for  19a5  are  rated  as  follows:  October  to  December,  excellent;  August  and  September,  good. 
6  Values  for  1906  are  rated  as  follows:  March  to  July,  Septcml)cr,  and  October,  excellent;  remainder 
of  the  year,  good. 

LUCKIAMUTE  RIVER  NEAR  8UVER,  OREG. 

This  station  was  established  August  18,  1905.  It  is  located  just 
below  Helmick  bridge  on  the  public  highway,  4  miles  northwest  of 
Suver,  Oreg.,  2  miles  west  of  Parkers  Station,  and  about  3  miles 
below  the  junction  of  the  main  forks  of  the  river.  The  conditions  at 
this  station  and  the  bench  marks  are  described  in  Water-Supply 
Paper  No.  178,  page  226. 

Discharge  ineasarnncnts  of  Livckiamute  River  near  Suver,  Oreg.,  in  1905-6. 


Date. 


I9a'>. 

August  18. 
Octol)<'r7. 


1906. 
January  10. 

Aprils 

MavlO 

June  30 


Ilydrographrr. 


L.  R.  Allen. 
.   ..do 


P.  A.  Cupper. 
L.  R.  AlU>n... 

do 

....do 


Width. 


-Vreaof  !     (Ja^ 
.•«\'tion.  '  height. 


Dis-  . 
charge. 


Feet. 
4.5 

79 ; 

i 

Sq.ft. 
121 
571 

Feet. 
1.47 
8.67 

Sec.'ft.^ 
1.180 

78 
62 
62 
61 

.508 
322 
3.'»6 
290 

7.60 ; 

5.01 
.•).59  1 
4.28 

928 
495 
592 

396 
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DaUy  gage  height,  in  feet,  of  Luckiamule  River  near  Suvei%  Oreg.jfor  1906. 


Day. 


1.. 
2.. 
3.. 
4.. 

5.. 

6.. 
7.. 
8.. 
9.. 
10.. 

11.. 
12.. 
13.. 
14., 
15.. 

16.. 
17.. 
18.. 
19.. 
20.. 

21.. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29.. 
30. 
31.. 


Jan. 


15.6 
12.3 
11.25 
9.5 
7.75 

8.2 
8.5 
7.8 
9.0 
8.3 

9.0 

las 

17.15 
17.15 


Feb. 


Mar.     Apr.     May. 


8.35     15.8 
7.5    •  13.6 


7.3 
7.4 
6.5 

6.2 

5.7 

5.45 

5.3 

5.2 

5.1 
49 
4.6 
45 


16i  15  4  7 

17.6  49 

2a8  &4 

21. 6  12. 3 

1&6    I  1&5 

1&55  1&5 


1&6 
13.2 
1&6 
2L6 
l&O 

14  8 

ia2 
ia5 
ia7 
ia4 

9.0 


2a2 

22.0 
21.5 
22.5 
23.9 

22.9 
22.1 
1&9 


12.05 
10.8 
9.95 

9.3 

8.55 

8.1 

7.6 

7.4 

7.2 

6i75 

&35 

&1 

6i85 

5l4 
&4 
&3 

&7 
5.95 

&5 
6l6 
7.1 
7.3 
7.6 

7.45 

7.1 

&5 

&8 

&1 

7.5 


6.8 
5.9 
5.3 
5.1 
5.0 

5.1 
49 
48 
5.0 
5.8 

5.25 
435 
4  75 
43 

a9 
ass 

a85 

a  76 

as 

as 

a7 
a6 
a5 
a5 

42 

41 

425 

&25 

a35 

42 


a  95 

ass 
a  65 

435 
46 

5.25 
5.0 

ai 
a  2 
a  05 

ao 

2.9 

ao 
a2 
a9 

5l6 
6l7 
42 
41 
425 

43 
44 

a4 
as 

47 

49 

5l0 

485 

46 

445 

46 


June.    July.     Aug.  |  Sept. 


40 

as 

2.0    1 

a  6 

a  75 

1.85 

40 

as 

1.8 

44 

as 

1.2 

48 

a  25 

1.85 

425 

ai 

1.85 

49 

a  05 

1.75 

5.1 

a  05 

1.85 

48 

2.9 

1.8 

435 

2.85 

2.15 

42 

2.8 

1.8 

5l1 

2.7 

L75 

&4 

265 

1.7 

a6 

2.6 

1.75 

&3 

2.66 

1.7 

a7 

2.25 

1.75 

7.5 

2.3 

1.65 

7.2 

2.5 

1.6 

&0 

Z35 

1.65 

&6 

2.5 

1.45 

&1 

Z3 

1.6 

46 

2.2 

1.55 

43 

2.15 

1.5 

425 

2.15 

1.4 

40 

2.0 

1.45 

a  95 

2.5 

1.45 

as 

2.0 

1.25 

a65 

2.3 

L3 

a9 

2.25 

1.2 

43 

2.5 

L15 



2.35 

1.3 

1.25 
.85 
.95 

1.25 

1.2 

1.2 
1.2 
1.15 
.95 
1.25 

1.2 

L35 

25 

23 

255 

25 

1.9 

1.75 

1.65 

1.55 

1.45 
L3 

1.5 
1.65 
25 

L8 
1.4 
L3 
1.7 
1.95 


Oct. 


1.5 

1.55 

2.45 

2.85 

1.95 

1.6 

1.45 

1.8 

1.9 

1.7 

1.7 
25 

a9 
a2 
as 

7.5 

ass 

&5 
&6 

48 

a45 

a6 
a4 

ai 

27 

a2 

&4 
45 
42 

41 
405 


Nov.  Dec. 


as 

2.6 

ao 

40 
8.2  I 


6.9 
6.1 
7.3 
5.9 
5.5 


7.1 

lao 

10.9 

23.1 

12.5 

23.6 

11.1 

17.6 

128 

18.8 

129 

lao 

ia9 

15.  4 

las 

1&7 

las 

221 

126 

2&9 

lao 

2ai 

12  2 

1&9 

1L5 

1&4 

lai 

lao 

l&O 

128 

220 

126 

24  5 

11.0 

lao 

10.0 

14  0 

9.5 

lae 

as 

16.0 

7.2 

lao 

7.3 

11.9 

&4 

10.2 

&5 

las 

1L4 

Rating  table  for  Luckiamute  River  near  Suver,  Oreg.jfor  1 905-6. _ 


:   Oase       Dis-        Oa 
hoignt.  I  charge,    heij 


Feet. 
0.90 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
200 
210 
220 


Sec.-) 


44 

50 
56 
62 
60 
76 
83 
91 
99 
107 
115 
124 
133 


je        Dis- 
it. '  charge. 


Feet. 
230 
240 
250 
260 
2  70 
280 
290 
a  00 

a  10 
a  20 
a  30 
a  40 

3.60 

a  60 


153 
163 
173 
184 
195 
206 
218 
230 
242 
254 
267 


Dis- 
charge. 


Feel. 

Sec.-ft. 

a  70 

306     1 

a  80 

319 

a  90 

333 

400 

347 

4  20 

375     . 

4  40 
460 


405 
435 


4  80 

466    , 

5.00 

498    ' 

5.20 

530    1 

5.40 

563    1 

5.60 

597    1 

1    5.80 

631     ' 

!    6.00 

ma 

Gage 

height. 

Dis- 
charge. 

height. 
Feet. 

DIs- 
chaigp. 

Sec. -ft. 

Feet. 

8ec.-ft. 

6.20 

701 

17.00 

3,770 

6.40 

737 

18.00 

4,148 

6.60 

774 

19.00 

4,540 

6.80 

812 

20.00 

4.944 

7.00 

850 

21.00 

5,360 

8.00 

1,058 

22.00 

5.780 

9.00 

1.290    , 

23.00 

6.200 

10.00 

1,543 

24.00 

6.630 

11.00 

1.810 

25.00 

7,060 

12  00 

2,095 

26.00 

7,490 

laoo 

2,400 

14  00 

2.716 

1.5.00 

3,050 

16.00 

3,404 

Note.— The  above  table  is  ap 
meaaurements  made  during  190S 


licable  only  for  open-chann«»l  conditions.    It  is  based  on  5  discharge 
5  and  is  well  defined  betwwn  gage  heights  1.5  fc<a  and  9.0  feet. 
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Monthly  diacharge  of  Luckiamute  River  near  Suver^  Oreg.yfor  1905-6. 


Month. 


Aufi;u8t  26-31 . 

September 

October 

November 

December 


ig05.< 


Discharge  in  second-feet. 


Maximum.   Minimum.      Mean. 


76 

280 

1,290 

1,000 

4,400 


The  period . 


January 

February . . . 

Maroh 

April 

May 

June 

July 

August 

September. 

October 

November., 
December.. 


1906.* 


The  year. 


6,610 

6,590 

3,390 

812 

793 

1,220 

319 

115 

168 

1,140 

7,450 

6,840 


7,450 


41 
39 
133 
115 
375 


65.4 
76.6 


247 
1,450 


Total  in 
Acre-feet. 


1,330 

4,500 

24,300 

14,700 

89,200 


1,000 
420 
546 
280 
206 
293 
115 
53 
37 
72 
173 
580 


2,720 
2,410 
1,060 

436 

381 

492 

192 
85 
84.5 

314 
2,640 
2,290 


1,090 


134,000 


167.000 
134,000 
65.200 
25,900 
23.400 
29,900 
11.800 
5,230 
6,030 

i9,aoo 

157.000 
141,000 


784,000 


a  Values  for  1905  are  rated  as  follows:  October,  excellent;  November  and  December,  good;  August 
and  September,  fair. 

&  Values  for  1906  are  rated  as  follows:  April  to  June  and  October,  excellent;  March  and  July,  good; 
remainder  of  the  year,  fair. 

MOLALLA   RIVER   NEAR   MOLALLA,    OBEG. 

This  station  was  established  November  1,  1905.  It  is  located  at 
Dickey  Prairie,  3  miles  below  the  junction  of  the  forks  of  the  river 
3i  miles  southeast  of  Molalla,  Oreg.  The  conditions  at  the  station 
and  the  bench  marks  are  described  in  Water-Supply  Paper  No.  178, 
page  227. 

Discharge  measurements  of  Molalla  River  near  Molalla,  Orcg.,  in  1905-6. 


DiiU\ 


1905. 
November  2. , 

1906. 
January  9o... 
Jarsuary  13... 

AprU3 

May24 

July  11 

September  4 . 


Mydrographcr. 


L.  R.  Allen. 


L.R.  Allen... 
P.  A.  Cupper. 
L.R.  Allien... 

do 

do 

I.  E.  Oakes... 


Width. 

Area  of 
section. 

Sq.ft. 

Gaffe 
heij^t. 

Dis- 
charge 

Feet. 

Feet, 

Sec.-ft. 

106 

226 

1.83 

376 

130 

437 

3.63 

1,510 

130 

422 

3.55 

1,610 

118 

334 

2.80 

924 

117 

323 

2.66 

822 

104 

174 

1.33 

186 

102 

118 

.75 

eo 

a  Measurement  unreliable. 


Digitized  by 


Google 


WILLAMETTE   RIVBB   DRAINAGE   BASIN.  171 

DaHy  gage  height,  in  feet,  of  Molalla  River  near  MoMla,  Oreg,,foT  1906, 


D*y. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

30 

21 f. 

22 

23 

34 

25 

28 

27 

28 

29 

30 

31 


Jan. 


2.7 
2.7 
2.76 
2.8 
3.15 

3.1 

3.05 

3.3 

3.7 
3.45 

3.5 

3.5 

3.55 

3.5 

3.7 

3.0 
3.0 
3.05 
3.45 
3.1 

2.0 
2.05 
4.85 
5.2 
4.5 

4.0 

a  75 

3.5 

3.5 

3.7 

4.0 


Feb. 


a75 
3.5 

a4 

3.3 

2.8 

2.7 

2.6 

2.5 

2.35 

2.3 

2.2 

2.15 

2.1 

2.06 

2.5 

2.5 
3.0 
5.0 

4,7 
5.0 

5.4 
4.5 
4.35 
4.5 
4.4 

4.6 
4.0 
4.35 


ICar. 


3.75 

3.45 

3.7 

3.65 

3.45 

3.55 

3.6 

3.7 

3.8 

3.5 

3.3 

8.0 

2.7 

2.65 

2.45 

2.3 

2.25 

2.2 

2.15 

2.1 

2.1 

2.05 

2.0 

2.2 

2.1 

2.35 

2.45 

2.4 

2.5 

2.7 

3.7 


Apr. 


3.4 
3.0 

2.8 
2.7 
2.7 

2.7 
2.8 
2.7 
2.8 
2.7 

2.7 
2.7 
2.5 
2.45 
2.35 

2.35 
2.3 
2.25 
2.15 
2.1 

2.25 

2.25 

2.25 

2.2 

3.4 

ao 

2.7 

ai 

a  05 

2.85 


May. 


I 


2.7 

a5 

2.4 
2.3 
2.2 

2.15 

2.1 

2.0 

2.0 

1.0 

1.86 

1.8 

1.75 

2.15 

2.4 

2.35 

as 

2.3 
2.6 
2.7 

2.75 
2.8 
2.85 
2.65 
2.5 

2.66 
2.6 
2.5 
2.45 
2.4 
2.35 


June. 


2.25 

2.15 

2.25 

2.5 

2.5 

2.75 

ao6 

2.85 
2.85 
2.75 

166 
2.55 
2.55 
2.5 

ao 

4.0 

u 

2.8 
2.6 

2.4 
2.3 
2.2 
2.1 
1.05 

1.85 
1.0 
1.06 
2.05 
2.0 


July. 


1.0 
1.86 
1.8 
1.75 
1.65 

1.5 
1.45 
1.45 
1.4 
1.4 

1.35 
1.3 
1.3 
1.25 
1.2 

1.2 
1.2 
1.2 
1.2 
1.15 

1.15 

1.15 

1.15 

1.1 

1.1 

1.1 

1.1 

1.1 

1.05 

1.05 

1.0 


Aug. 


1.0 
.06 
.05 
.05 
.0 

.0 
.0 
.0 
.0 
.0 


Sept. 


0.75 
.75 
.75 
.75 
.75 

.75 
.75 
.76 
.76 
.75 

.76 
.86 

1.3 

2.8 

2.5 

1.8 
1.45 
1.3 
1.2 
1.15 

1.15 

1.1 

1.2 

1.3 

1.2 

1.1 

1.05 

1.0 
.05 
.05 


Oct. 


1.0 
1.05 
1.6 
1.55 
1.4 

1.36 

1.3 

1.1 

1.06 

1.0 

1.05 

1.65 

2.2 

2.65 

2.2 

a6 
ao 
a  3 
ai 

2.75 

2.5 

2.35 

2.1 

1.06 

1.0 

1.95 
1.05 
1.95 
1.0 
1.85 
1.85 


Not. 


1.85 

1.8 

1.75 

2.5 

2.6 

2.5 

a8 

6.6 
4.9 
5.3 

4.4 

4.0 
7.45 
8.1 
a  85 

6.2 
6.0 
5.3 
4.4 

4.0 

a  8 
a  6 
a  4 
ai 

2.0 

2.75 
2.6 
2.5 
2.35 
2.3 


Dec. 


2.26 

2.15 

2.1 

2.05 

2.4 

2.5 

a  3 

a65 

a4 
ao 

a2 
a4 

2.8 
2.7 

a4 

ao 
a2 
a2 
a5 

7.5 

6.0 
4.6 
4.2 

a  6 

4.2 
4.5 

ao 
a5 
a4 
a3 
a2 


Rating  table  far  Molalla  River  near  MoMla,  Oreg.^far  1905-6, 


1   Gage 

Dia- 
cfaaige. 

hei^. 

Dis- 
chaige. 

Gage 
hei^t. 

■    Feet. 
I    2.70 

Dis- 
charge. 

Gage 
helgit. 

Dis- 
charge. 

Gage 
hei2it. 

DI». 
charge. 

Feet. 
0.70 

Bec^. 

Feet. 
1.70 

'"^- 

Feet. 
a  70 

t^- 

Feet. 
5.40 

Sec^t, 
3,2& 

0.80 

68 

1.80 

364 

2.80 

920 

a  80 

1,680 

5.60 

a  436 

0.00 

86 

1.90 

411 

2.90 

985 

aoo 

1,770 

5.80 

3,645 

1.00 

106 

2.00 

460 

!  aoo 

1,055 

4.00 

1,860 

6.00 

3,855 

1.10 

127 

2.10 

510 

a  10 

1,125 

4.20 

2,040 

7.00 

4,955 

1.20 

151 

2.20 

565 

a  20 

1,200 

4.40 

2,225 

aoo 

6,105 

1.30 

178 

2.30 

620 

a  30 

1,275 

4.60 

2,415 

9.00 

7,305 

1.40 

208 

2.40 

675 

a  40 

1,350 

4.80 

2,610 

1.50 

242 

2.50 

735 

a  50 

1,430 

5.00 

2,810 

1.60 

279 

2.00 

796 

a  60 

1,510 

5.20 

3,015 

Note.— The  above  table  la  applicable  only  for  open-channel  conditions.    It  is  baaed  on  discharge 
meaauremeata  made  during  1905-6  and  ia  weU  defined  between  gage  heights  0.75  foot  and  4.0  feet. 
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Monthly  discharge  of  Molalla  River  near  MolaUa^  Oreg.^for  1905-6. 
[Drainage  area,  220  square  miles.] 


Month. 


November. 
December.. 


Discharge  in  second-feet. 


Maximum. 


1.600 
2,320 


Total  tn 


Minimum.      Moan.    I  f^^^'^^- 


_\_ 


104 


The  period 

1906.6 


January.. 
Febniary . 
March 

i&'^ 


,ay 

.Tune 

July 

August 

September. 

October 

November. 
December.. 


The  year. 


3,020 

3,750 

1,680 

1,350 

952 

1,860 

411 

IOC) 

920 

1,770 

7,120 

5.530 


7,120 


48.''. 
460 
510 
342 
387 
106 
60 
60 
Itti 
242 
4.S.T 


404 
1,190 


27,600 
73,300 


101,000 


1.490 

1,580 

98<) 

830 

657 

787 

191 
77.6 

1(>4 

512 
2.170 
1,510 

913 


91.600 
87,800 
60.600 
49,400 
40.400 
46.800 
11,700 
4,770 
9.760 
31,500 
129.000 
92.800 

656.000 


Run-off. 

Sec.-f  t.  per 
sq.  mile. 

2.11 

Depth  in 

inches. 

2.35 

6.41 

6.24 

1 

6.77 

7.80 

7.18 

7.48 

4.48 

5. 16 

3.77 

4.21 

2.99 

3.45 

3.58 

3.99 

.868 

1.00 

.353 

.407 

.745 

.831 

2.33 

2.1» 

9.m 

11.00 

6.86 

7.91 

4.15 

55.93 

a  Values  for  1905  are  rated  as  follows:  Novcmlxr,  excollont:  Dopfmb'^r  good. 

b  Values  for  1906  are  rated  as  follows:  March  to  Juno,  Novemtx^r  and  DeconiI)er,  excellent;  re- 
mainder of  the  year,  good. 

SOUTH   FORK  OF   YAMHILL   RIVER   AT    SHERIDAN,    OREO. 

This  station  was  established  April  25,  1906.  It  is  located  in  Sheri- 
dan, Oreg.,  about  2  miles  below  the  mouth  of  Mill  Creek. 

The  channel  is  straight  for  250  feet  above  and  500  feet  below  the 
station,  and  the  current  is  unifonn.  Both  banks  are  high  and  well 
covered  with  undergrowth;  the  right  is  liable  to  overflow  at  extreme 
high  water.  The  bed  of  the  stream  is  of  sand  and  fine  clean  gravel 
and  is  liable  to  shift  during  high  water.  There  is  one  channel  at  all 
stages. 

Discharge  measurements  are  made  from  the  public  liighwajr  bridge 
in  Sheridan.  The  initial  point  for  soundings  is  two  nails  driven  in 
the  wall,  about  1  foot  to  the  left  of  the  corner  of  the  first  building  on 
the  right  bank. 

The  gage,  which  is  read  daily  by  G.  Schoppert,  is  a  2  by  8  inch 
timber  in  two  sections,  the  lower  section  being  vertical,  3.8  feet  long, 
and  nailed  to  a  cross  timber  on  the  lower  side  of  the  right  bridge  pier. 
The  upper  portion  is  inclined  at  a  small  angle  and  nailed  to  an  upright 
timber  of  the  pier,  being  24.3  feet  in  length.  The  bench  mark  is  the 
top  of  three  30-penny  nails  driven  in  an  ash  tree  about  5  feet  below 
the  bridge  and  25  feet  from  the  initial  point;  elevation,  21.70  feet 
above  the  datum  of  the  gage. 
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Discharge  measuremerUs  of  South  Fork  of  Yamhill  River  at  Sheridan^  Oreg.,  in  1906. 


Date. 


December  14 ...  i  L.  R.  Allen . . 

1906. 

April  25 L.R.Allen.. 

Mavis do 

July  1 do 

Septemtier  7 . . .    I.E.  Oakes . 
October  30 ' do 


Hydrographer. 


Width. 


Feet. 
122 


124 
123 
116 
106 
117 


Area  of 
section. 


Oase 
height. 


aq.fU 


453  I 
374  i 
211 


Feet, 


2.70 
2.34 
1.81 
.30 
1.80 


Dis- 
charge. 


Sec-ft. 
583 


813 
625 
436 
48 
423 


Daily  gage  fteighty  in  feet ^  of  South  Fork  of  Yamhill  River  at  Sheridan^  Oreg.^for  1906, 


Day. 


Apr.       May.      June.      July.   ,    Aug.      Sept.   |    Oct. 


1 

2 

3 

4 ■ 

5 

6 

7:1:::::: 

8::..:.. :...:..:  >       : 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 i 

19 '  

20 ' 

21 

22 

23 

24 

25 

2.6 

26 .     . 

2.3 

27 

2.4 

28 

2.5 

29 

2:3 

30 

2.2 

31 

2.0 
2.0 
1.9 
2.3 
2.3 

2.2 
2.1 
2.9 
2.8 
2.7 

2.6  . 
2.5 

1.7  1 
1.7 
2.3  ! 


I 


2.3 
2.5 
2.4  I 
2.3, 
2.2 


2.1 
2.0 
1.9 
2.0 
2.5 


1.9 
1.8 
1.8 
2.9 
2.9 

2.9 

3.1 

2.8 

2.75 

2.4 

2.5 
3.0 
3.9 
4.0 
3.8 

5.0 
4.0 
3.6 
3.4 
3.0 

2.8 
2.6 
2.4 
2.2 
2.0 


2.5 

1.9 

2.9 

1.9 

2.3 

1.95 

2.2 

1.8 

2.1 

2.1 

2.1 

1.9 

.8 

1.65 

.7 

1.5 

.7 

1.5 

.7 

1. 45 

.« 

1.45 

.() 

1.4 

.6 

L4 
1.3 
1.3 

1.3 

1.35 

1.2 

1.1 

1.1 

'.0 
1.0 
1.0 
1.0 
1.0 

.9 
.9 
.9 
.9 
.9 

.8 
.8 
.8 
.8 
.9 
.8 


.0 
.6 
.5 

.5  I 
.5 
.5  • 
.6  ■ 
.5 

.6 
.5 

.5  1 
•5  i 
•4  I 

.4 
.4 
.4 
.4 
.4 

.4 
.4 
.3 
.3 
.3 
.3 


.3  !. 

.3  L 

.3  !. 


.3 
.3 

A 
.4 

.5 

.6  ' 
1.4 
1.6 
1.7 

1.7  I 
1.6  I 
1.0  I 
.9 
..7 


1.0 

■9  , 

.8 

.8  I 


1.8 
1.9 


Nov. 


2.0 
2.0 
2.0 
2.0 
4.0 

4.3 
7.9 
12.0 
8.1 
9.0 

8.0 
7.8 
7.5 
8.5 
14.5 

8.5 
9.5 
8.5 
7.0 
7.0 

5.5 
5.3 
5.0 
4.6 
4.0 

4.0 
3.5 
3.0 
2.8 
2.5 


Doc. 


2.6 
2.5 
2.4 
2.3 
2.3 

2.3 
8.5 
6.0 
6.0 
5.5 

5.5 
5.3 
5.2 
4.0 
4.5 

5.5 
5.5 
4.4 

4.6 
11.4 

11.6 
7.3 
7.0 
5.9 

6.8 

5.8 
5.8 
5.3 
4.5 
4.8 
4.5 


Rating  table  for  South  Fork  of  Yamhill  Rim  at  Sheridan^  Orr</.,  from  April  25  to  Sep- 
tember .iO,  190G. 


he'ig^t. 

Dis- 
charge. 

Feet. 

Sec-ft. 

0.20 

38 

0.30 

51 

0.40 

65 

0.50 

80 

0.60 

97 

0.70 

116 

0.80 

137 

0.90 

159 

1.00 

183 

. 



Gage        Dis-         Gaeo        Di.s-         Gago        Dis- 
heignt.   charge.  ,  height,   charge,     height.  1  charge. 


Feet. 
1.10 
1.20 


Sec.'ft. 
206 
235 


1.30 

264 

1.40 

294 

1.50 

326     ' 

1.60 

350 

1.70 

393    ; 

1.80 

428 

1.90 

..  1 

Feet. 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 


Sec.-fl. 
500 
540 
580 
620 
665 
710 
7.'>5 
800 
845 


Feet. 

Sec-ft. 

2.90 

805 

3.00 

945 

3.10 

995 

3.20 

1,050 

3.30 

1,105 

3.40 

1,160 

3..T0 

1,215 

3.fi0 

1,275 

3.70 

1.33,'> 

Note.— The  above  table  is  applicable  only  for  open-channel  conditions, 
zneasarements  made  during  1906  and  is  not  well  detined. 


It  is  based  on  4  discharge 
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Monthly  discharge  ofSotUh  Fork  of  YamkUl  River  at  Sheridan,  Oreg.^Jor  1906, 
[Drainage  area,  290  square  miles.] 


Month. 


Anill  25-30.. 


April 
Maj. 

June , 

July 

August 

September. . 


Discharge  in  second-feet. 


Maximum.  Minimum.      Mean, 


755 
895 

2,200 
464 
137 

.  393 


580 


137 
51 


614 
873 
225 
81.0 
140 


The  period. 


I 


Total  In 
acre-feet. 


7,830 
37,800 
61.900 
13.800 
4,980 
8,870 


Run-ofT. 


8ec.-ft.per  Depth  in 
sq.  mile.      inches. 


2.27 

2.12 

3.01 

.776 

.279 

.514 


125,000  1 


.51 
2.44 
3.36 
.90 
.32 
.57 


Note. — The  above  estimates  are  provisional  and  subject  to  revision  when  more  data  are  available. 
Values  are  rated  as  follows:  April  to  June,  good;  July  to  September,  fair. 


CLACKAMAS   RIVER   NEAR   BARTON,    OREO. 

This  station  was  established  October  2,  1905.  It  is  located  2^ 
miles  below  Barton,  Oreg.,  IJ  miles  below  the  mouth  of  Deep  Greek. 
The  conditions  at  this  station  and  the  bench  marks  are  described  in 
Water-Supply  Paper  No.  178,  page  228. 

Discharge  measurements  of  Clackamas  River  near  Bartony  Oreg.,  in  1905-6, 


Date. 

Hydrographer. 

Width. 

Area  of 
section. 

Gase 
height. 

Dis- 
chaige. 

1905. 
October  2 

L.R.Allen 

Feet. 
310 

310 
325 
324 
304 
276 
265 

1,070 
1,160 
1,290 
1,010 
640 
497 

Feet. 
3.30 

4.52 
484 
6.18 
4.30 
a  01 
2.51 

Sec-ft. 
1,000 

3,310 
4,020 
4,950 

1906. 

Januarys 

Janiiaiy  13... 

T/.  R.  Allen 

...do 

April  2 

do 

li!ay23  . 

.do 

3,250 

1,270 

817 

July  10.. 

....do 

Septembers.... 

Ivan  Oakes 

Daily  gage  height,  in  feet,  of  Clachmvas  River  near  Barton,  Oreg.,  for  1906. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Doc. 

1 

4.4 

4.3 
4.1 
4.1 
4.36 

4.45 

4.52 

4.5 

4.9 

4.9 

4.9 
4.9 
4.9 
4.7 
4.6 

4.6 

4.9 

&1 

4.75 

4.5 

6.6 
5.4 
5.2 
4.9 
4.7 

4.5 
4.4 
4.2 
4.1 
4.0 

3.9 
3.8 
3.8 
3.7 

a8 

3.9 
4.0 
5.8 
&2 
7.1 

5.6 
5.3 
5.3 
il 
&0 

5.0 
5.0 
5.1 
5.3 
5.4 

5.2 
4.8 
4.6 
4.5 
4.4 

4.1 
4.1 
4.0 
3.9 
3.9 

6.9 
5.3 
4.9 
4.7 
4.7 

4.8 
5.0 
6.1 
6.5 
6.3 

6.0 
4.7 
4.6 
4.6 
4.6 

4.7 
4.7 
4.5 
4.5 
4.6 

4.9 
4.7 
4.5 
4.5 
4.4 

43 
42 
42 
42 
42 

41 
41 

ao 

3:8 
43 

42 
40 
40 
3.9 
40 

a8 

3.8 
3.8 
41 
40 

42 
4  5 
43 
4  5 
42 

42 
41 
41 
40 
40 

5.3 
&0 
47 
45 
42 

3.4 

a4 

3.3 
3.2 

a2 

ai 
ai 
ai 
ao 
ao 

ao 
ao 
ao 
ao 
ao 

ao 
ao 
ao 
ao 
ao 

2.7 
2.7 
2.7 
2.7 
2.7 

2.65 

2.65 

2.65 

2.6 

2.6 

2.6 
2.6 
2.6 
2.6 
2.6 

2.6 
2.6 
2.6 
Z6 
2.66 

2.62 
a62 
Z52 
2.62 
2.52 

2.61 
2.51 
2.61 
2.61 
2.61 

2.61 
2.64 
2.8 

as 

41 

as 
ao 
2.8 

2.76 
2.7 

2.6 
2.7 
2.8 

ao 

2.9 

2.8 
2.7 
2.7 
2.7 
2.6 

2.6 
2.7 
2.8 

ai 
ai 

43 
46 
47 
44 
40 

a2 
ai 
ai 
a2 
a7 

a6 

7.16 

lao 
7.0 
as 

a6 

&7 

lai 
lae 
11.9 

10.7 
las 

&6 

7.0 
a5 

45 

2          

45 

3 

45 

4 

44 

6 

44 

6 

46 

7 

6.0 

8 

6.5 

9 

6.0 

10 

&7 

11 

5.6 

12 

&S 

13 

ai 

14 

ao 

15 

49 

16 

&6 

17 

ai 

18 

&7 

19 

&9 

20 

ILO 
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Daibf  gage  height,  in  feet,  of  ClackamoM  River,  near  Barton,  Oreg.^  far  t906 — (\mtinued. 


Day. 


Jan. 


21 4.3 

22 4.2 

23 4.7 

24 7.2 

25 6i7 

26 «.0 

27 &« 

28 &3 

29 5.2 

30 5.3 

31 5.5 


Feb.     Mar.     Apr. 


&0 
7.0 
&4 
&1 
6i4 


3.9  4.9 

3.8  4.8 
as  4.8 

3.9  4.7 
3w9  4.9 


&1  I  4.2 

&8  4.2 

&!  !  4.2  I 

....I  42 

....j  4.4 

....  5.7  L 


May.    June.    July. 


&3 

4.9  , 
5l1 
5.1  • 

&0 : 


4.2  1 

4.3  I 
4.2 
42 

43 
43 
42 
40 
40 
3.9  !. 


3.9  a.0 

3.9  10 

3.7  3.0 

16  2.9 

3.5  Z8 


3.5 
3.4 
3.5 
15 
3.6  , 


2.8 
2.7 
X7 
Z7 
2.7 
2.7 


Aug.     rtept.     Oct.      Nor.    Dec. 


2.55 

165 

3.7 

&5 

ll.O 

2.55 

165 

15 

6.2 

9.0 

155 

165 

14 

&0 

7.0 

155 

165  ' 

13 

5.8 

a5 

155 

165< 

12 

5.3 

7.0 

155 

164 

13 

5.1 

7.5 

155 

163 

3.4 

49 

7.5 

155. 

163 

15 

48 

6.8 

154 

161 

14 

47 

6l2 

153 

16 

12 

46 

6.1 

153 

12 

b.9 

Rating  table  for  Clackarruu  River  near  Barton,  Oreg.,/or  1905- ft. 


heS't. 

Di»- 
chaige. 

Gage 
hei^t. 

Dis- 
charge. 

hei^t. 

Diii- 
chargiv 

Feet. 

Sec.-ft. 

Feet. 

8ec.-fl. 

Feet. 

1  See.^t. 

450 

3.480 

5.50 

5,!m 

7.00 

9.460 

460 

3.670 

5.60 

5.790 

i    7.30 

;  10.040 

4  70 

3.860 

5.70 

6.030 

'    7.40 

'  10.620 

480 

4050 

5.80 

6.270 

.    7.60 

,  11.220 

499 

4,250 

5.90 

6.510 

7.80 

1  11.830 

5.00 

4,460 

6.00 

6.760 

,    8.00 

12.430 

5.10 

4,670 

6.20 

7.270 

'    9.00 

.  15.. '.30 

5.20 

4800 

6.40 

7,790 

10.00 

18,730 

5.30 

5.110 

6.60 

8.  .330 

.  11.00 

.  22.030 

5.40 

5,330 

6.80 

8.H90 

1100 

25,430 





NOTB.— The  above  table  it  applicable  only  for  open-channel  conditions.     It  is  iMiaed  on  7  dischaige 
measurements  made  during  1905-6  and  Is  well  defined  lielow  gage  height  5.5  feet. 

Monthly  discharge  of  Clackamas  River  near  Barton,  ()reg.,for  1905-(t, 

[Drainage  area,  80O  squarp  miles.] 


Month. 


1905.a 

November  11-30 

December 


The  period. 


January 

February.., 

March 

April 

M»y 

June 

July 

.August 

September. 

October 

Novwnber. , 
December... 


1906.6 


The  year. 


Discharge  In  second-feet. 
Maximum.    Minimum.  •    Mean. 


3,800 
5.490 


1,160 
2,290 


2,060 
3,800 


Run-off. 
Total  in    . 

acre-feet.     8ec.-ft.  per 
I   aq.  mile. 


81,700 
234.000 


158 
4  75 


316,000  I 


Depth   In 
inches. 

1.92 
5.48 

10.000 

13,000 

6,030 

6,510 

4,250 

5,110 

1,730 

970 

2,780 

3,860 

25,100 

22,000 


25,100 


2,780 

2, 140  ! 

2,290 

3.480 

2,290  I 

1,730  I 

970 

834 

818 

890 

1,370  I 

3,300 


818 


4  400 
5.430 
3,700 
4,280 
2.960 
2,730 
1,260 
890 
1,010 
1,650 
8,720 
7,090 


3,730  I 


271.000 

5.50 

302,000 

ft  79 

228.000 

4  62 

2,S5,000 

5  35 

182,000 

3.70 

1(52.000 

3.41 

77.. W 

1.58 

54.700 

1.11 

60,100 

1.26 

101.000 

lO*', 

519,000 

10.90 

47.3.000 

9.61 

2,690,000 

4  66 

6.34 
7.07 
5.3.3 
5  97 
4  27 
3.80 
1.K2 
1.28 
1.41 
138 
11 16 
11.08 

62.91 


«  Values  for  1905  are  rated  as  excellent. 

»  Values  for  1906  are  rated  as  follows:    January  to  Octolx»r,  excellent;   November  and  Dweml)er, 
good. 
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MISCELLANEOUS    MEASUREMENTS. 

The  following  miscellaneous  measurements  were  made  in  Willa- 
mette River  drainage  basin  in  1906: 

BovMer  OreeJc  near  Detroit,  Oreg. — ^The  flow  of  this  stream  was 
estimated  September  5,  1906,  at  5  second-feet. 

Breitenbtish  Oreek  near  Detroit,  Oreg. — A  measurement  was  made 
at  low  water,  September  4,  1906,  just  above  the  mouth  of  the  creek. 

Width,  59  feet;  area,  100  square  feet;  discharge,  184  second-feet. 

(Mapooia  Oreek. — ^A  measurement  was  made  300  yards  below 
Kendall's  bridge  in  sec.  19,  T.  12  S.,  R.  3  W.,  at  low  water,  August 
23,  1906. 

Width,  50  feet;  area,  38  square  feet;  discharge,  64  second-feet. 

Orabtree  Oreek  near  Thomas,  Greg, — ^A  measurement  was  made  100 
yards  below  the  bridge  in  sec.  27,  T.  10  S.,  R.  2  W.,  at  low  water 
August  24,  1906. 

Width,  51  feet;  area,  59  square  feet;  discharge,  55  second-feet. 

Long  Tom  Oreek  near  Junction  City,  Greg, — ^A  measurement  was 
made  75  feet  above  the  highway  bridge,  in  sec.  10,  T.  16  S.,  R.  5  W., 
at  low  water  August  18,  1906. 

Width,  42  feet;  area,  29  square  feet;  discharge,  22  second-feet. 

Marys  Oreek  near  Philamath,  Greg. — A  measurement  was  made 
at  the  bridge  in  sec.  1 1 ,  T.  12  S.,  R.  6  W.,  at  low  water  August  25, 1906. 
Width,  50  feet;  area,  31  square  feet;  discharge,  18  second-feet. 

Minto  Oreek.-^The  two  channels  of  this  stream  were  measured  in 
sec.  10,  T.  11  S.,  R.  7  E.,  at  low  water  September  6,  1906. 

The  surface  of  the  right  channel  was  3.22  feet  below  a  spike  in  a 
large  cedar  just  upstream  from  the  trail  crossing. 

Width,  10  feet;  area,  3.7  square  feet;  discharge,  3.7  second-feet. 

The  water  surface  of  the  left  channel  was  3.35  feet  below  a  nail  in 
a  10-inch  cedar  on  the  right  bank  just  above  the  trail  crossing. 

Width,  7  feet;  area,  3.3  square  feet;  discharge,  6.7  second-feet. 

Mohawk  River  near  Mohawk,  Greg. — ^A  measurement  was  made 
by  wading,  August  16,  1906,  50  feet  above  the  highway  bridge  in  sec. 
9,  T.  17  S.,  R.  2  W. 

Width,  62  feet;  area,  64  square  feet;  discharge,  37  second-feet. 

Permelia  Oreek. — A  measurement  was  made  in  sec.  33,  T.  10  8., 
R.  7  E.,  at  low  water,  September  6,  1906.  The  water  surface  was 
5.20  feet  below  a  nail  in  a  6-inch  alder  30  feet  upstream  from  the 
Minto  trail  crossing. 

Width,  39  feet;  area,  32  square  feet;  discharge,  80  second-feet. 
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Roaring  CreeTc. — This  stream  is  very  rocky  and  rough  and  has  an 
enormous  fall.  A  meastirement  was  made  in  T.  11  S.,  R.  7  E,,  at 
low  water,  September  7,  1906.  The  water  surface  was  3.84  feet 
below  a  spike  in  an  18-inch  alder  on  the  right  bank  near  the  Minto 
trail  crossing. 

Width,  19  feet;  area,  26  square  feet;  discharge,  65  second-feet. 

Saniiam  River  at  Jeffersonj  Oreg. — This  station  is  described  in 
Water-Supply  Paper  178,  page  224.  Gage  readings  were  discon- 
tinued during  1906,  as  the  flow  was  obstructed  by  logs.  The  follow- 
ing measurements  were  made  during  1906: 

January  3,  width,  314  feet;  area,  3,060  square  feet;  gage  height,  4.76  feet;  discharge, 
5,790  second-feet. 

March  30,  width,  311  feet;  area,  2,950  square  feet;  gage  height,  5.50  feet;  discharge, 
6,170  seccmd-feet. 

Marion  Fori  of  Santiam  River, — A  measurement  was  made  in  sec. 
15,  T.  11  S.,  R.  7  E.,  at  low  water,  September  6,  1906.  The  water 
surface  was  4.76  feet  below  a  spike  in  a  yew  tree  on  the  right  bank, 
30  feet  upstream  from  the  foot  log. 

Width,  52  fe(»t;  area,  91  square  feet;  discharge,  157  second-feet. 

A  measurement  was  made  September  7,  1906,  200  feet  below  the 
outlet  of  Lake  Marion.  The  water  surface  was  4.45  feet  below  a 
spike  in  a  small  alder,  on  the  right  bank  30  feet  downstream  from 
water-right  notice. 

Width,  31  feet;  area,  51  square  feet;  discharge,  77  second-feet. 

Middle  ForJc  of  Santiavi  River. — The  following  measurement  was 
made  near  Foster,  Oreg.,  at  low  water,  September  3,  1906. 
Width,  96  feet;  area,  1S3  square  feet;  discharge,  60  second-fe^et. 

The  following  measurement  was  made  at  Withcombe  Place,  Oreg., 
at  low  water,  September  4,  1906. 

Width,  60  feet;  area,  144  square  feet;  discharge,  82  second-feet. 

North  ForJc  of  North  Fork  of  Santiam  River  near  Mehama,  Oreg. — 
A  measurement  was  made  in  sec.  18,  T.  9  S.,  R.  2  E.,  at  old  fort  one- 
half  mile  above  Mehama,  at  low  water,  August  21,  1906. 

Width,  59  feet;  area,  40  square  feet;  discharge,  54  second-fe(*t. 

North  ForTc  of  Santiam  River  in  sec.  12 j  T.  10  S.,  R,  6  E. — A  meas- 
urement was  made  at  low  water,  August  22,  1906,  opposite  the  mill 
above  Detroit,  Oreg. 

Width,  58  feet;  area,  387  square  feet;  discharge,  469  second-feet. 

A  measurement  was  made  September  4,  1906,  below  the  mouth 
of  Breitenbush  Creek.  The  water  surface  was  3.68  feet  below  a 
spike  in  the  upstream  face  of  the  foot  log  near  the  right  bank. 

Width,  110  feet;  area,  282  square  feet;  diFcliarge,  5()4  second-feet. 
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A  measurement  was  made  September  5,  1906,  above  the  mouth 
of  Breitenbush  Creek.  The  water  surface  was  5.95  feet  below  a 
shelf  cut  into  rock  on  the  right  bank  for  a  brace  to  the  footbridge. 

Width,  60  feet;  area,  456  square  feet;  discharge,  433  second-feet. 
'    North  Fork  of  Santiam  River  T,  11  8,,  R,  7  E. — ^A  measurement 
was  made  above  the  mouth  of  Marion  Fork,  September  6,  1906,  at 
low  water. 

East  channel,  width,  30  feet;  area,  45  square  feet;  discharge,  43  second-feet.  ^West 
channel,  width,  36  feet;  area,  44  square  feet;  discharge,  53  second-feet. 

Sovth  Fork  of  Santiam  River. — A  measurement  was  made  150 
yards  below  Sanderson  bridge  in  sec.  4,  T.  11  S.,  R.  2  W.,  on  August 
24,  1906. 

Width,  76  feet;  area,  50  square  feet;  discharge,  51  second-feet. 

A  measurement  was  made  at  Foster,  September  3,  1906. 

Width,  87  feet;  area,  163  square  feet;  discharge,  131  second-feet. 

A  measurement  was  made  at  Withcombe  Place,  September  3, 1906. 

Width,  60  feet;  area,  144  square  feet;  discharge,  82  second-feet. 
Thomas  Fork  of  Santiam  River  at  Sdo,  Oreg, — A  measurement  was 
made  above  the  bridge  in  sec.  18,  T.  10  S.,  R.  1  W.,  August  24,  1906. 

Width,  34  feet;  area,  28  square  feet;  discharge,  28  second-feet. 
Whitewater  Creek  in  SW,  i  sec,  21,  T,  10  S,,  R,  7  E,—A  measurement 
was  made  one-fourth  mile  above  the  mouth  September  6,  1906.     The 
water  surface  was  4.49  feet  below  the  reference  point  on  a  cedar  tree 
100  feet  upstream  from  a  log  cabin  near  the  Minto  trail. 

Width,  32  feet;  area,  28  square  feet;  discharge,  65  second-feet. 

PUGET  vSOUND  DRAINAGE  BASIN. 

DESCRIPTION  OF  BASIN. 

The  streams  flowing  into  Puget  Soimd  drain  the  western  slope  of 
the  Cascade  Mountains  in  Washington.  Their  areas  are  heavily  tim- 
bered and  mountainous.  The  precipitation  is  high,  varying  from  40 
to  100  inches  per  annum.  The  streams  draining  this  area  are  princi- 
pally valuable  for  power  and  logging  piuposes.  Little  or  no  irriga- 
tion is  practiced. 

SNOHOlVUSn  RIVER  DRAINAGE  BASIN, 

SNOQUALMIE  RIVER  NEAR  SNOQUALMIE  FALLS,  WASH. 

Snoqualmie  and  Skykomish  rivers  unite  to  form  Snohomish  River, 
which  flows  into  Puget  Sound  about  10  miles  beyond  the  junction,' 
near  Everett,  Wash.  The  following  gage  heights  were  furnished  by 
the  Seattle-Tacoma  Power  Company,  of  Seattle,  Wash.  The  gage  is 
referred  to  mean  sea  datum  and  is  not  the  one  referred  to  in  Water- 
Supply  and  Irrigation  Paper  No.  178,  page  233. 
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JDaUy  gage  height,  in  feet,  cf  Snoqtialmie  River  near  Snoquxdmie  FdLU,  Wash.,  for  1906. 


Day. 

Nov. 

Dec. 

Day. 

Nov. 

Dec. 

Day. 

Nov. 

Dec. 

1 

561.8 
561.3 
561.1 
561.6 
561.7 
561.9 
562.8 
562.6 
563.0 
564.5 
563.0 

561.2 
561.6 
561.3 
561.5 
562.0 
562.4 
563.0 
562.4 
562.4 
561.9 
561.9 

12 

565.9 
56C.6 
570.0 
570.2 
670.0 
564.2 
563.4 
562.9 
562.4 
562.3 
662.2 

561.9 
561.9 
561.3 
561.5 
562.0 
562.8 
562.5 
563.0 
564.6 
564.5 
563.9 

23 

561.9 
561.7 
561.5 
561.5 
561.6 
561.6 
561.6 
561.6 

563.6 

2 

13 

24 

562.9 

3 

14 

25 

562.8 

4 

15 

26 

562.0 

5 

16 

27 

561.8 

6 

17.  .. 

28 

561  7 

7 

18 

29 

561.7 

8 

19 

30 

561  7 

9 

20 

31 

561.7 

10 

21.  .  . 

U 

22 

WHITE  BIVER  DRAINAGE  BA8IK. 

White  River  rises  near  Mount  Rainier  and  flows  into  Puget  Sound 
near  Seattle.     Cedar  River  is  a  branch  of  White  River. 

CEDAR  RIVER   NEAR   RAVEN8DALE,  WASH. 

This  station  was  established  September  27,  1902.  It  is  located  at 
the  intake  of  the  Seattle  waterworks  pipe  line  and  is  15  miles  below 
Cedar  Lake,  4  miles  from  the  Northern  Pacific  Railway  at  Ravens- 
dale,  and  6  miles  from  the  Columbia  and  Puget  Soimd  Railway  at 
Maple  Valley.  The  discharge  of  the  pipe  line  is  practically  constant 
at  34  second-feet.  The  conditions  at  this  station  and  the  bench 
marks  are  described  in  Water-Supply  Paper  No.  178,  page  230,  where 
are  given  also  references  to  publications  that  contain  data  for  previous 
years. 

The  following  measurement  was  made  October  21,  1906: 

Width,  128  feet;  area,  1,060  square  feet;  gage  height,  1.40  feet;  discharge,  864 
second-feet. 

DaUy  gage  height,  infect,  of  Cedar  River  near  RavenscUde,  Wash.,  for  1906. 


Day.  I  Jan. 


1, 
2. 
3. 
4. 
5. 

6. 
7. 
S. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
90. 


i.ao 

1.26 
1.21 
1.31 
1.48 

1.83 
1.76 
1.76 
1.71 
1.64 

1.51 
1.47 
1.45 
1.37 
1.31 

1.28 
1.29 
1.25 
1.21 
1.17 


Feb. 


2.18 
2.14 
2.07 
l.M 
1.92 

1.77 
1.64 
1.56 
1.47 
1.42 

1.36 
1.31 
1.29 
1.26 
1.20 

1.18 
1.20 
1.31 
1.92 
1.99 


Mar. 


1.56 
1.47 
1.39 
1.31 
1.28 

1.26 
1.27 
1.30 
1.35 
1.41 

1.40 
1.37 
1.30 
1.25 
1.20 

1.19 
1.16 
1.14 
1.10 
1.07 


Apr. 


1.39 
1.41 
1.36 
1.29 
1.26 

1.27 
1.33 
1.37 
1.48 
1.42 

1.36 
1.33 
1.26 
1.22 
1.19 

1.18 
1.21 
1.21 
1.20 
1.19 


May.    June. 


1.30 
1.31 
1.27 
1.26 
1.21 

1.16 
1.13 
1.10 
1.10 
1.13 

1.10 
1.08 
1.09 
1.08 
1.04 

1.13 
1.11 
1.06 
1.07 
1.05 


1.13 
1.15 
1.07 
1.18 
1.12 

1.14 
1.15 
1.12 
1.11 
1.10 

1.12 
1.13 
1.12 
1.11 
1.13 

1.21 
1.16 
1.12 
1.15 
1.09 


July. 


1.09 
1.07 
1.04 
1.01 
.97 

.93 
.90 
.89 
.87 


.82 
.82 
.82 
.77 
.76 

.74 
.72 
.72 


Aug. 


0.62 
.63 
.62 
.63 
.35 

.65 
.63 
.62 
.61 
.61 

.60 
.60 
.60 
.61 
.60 


.60 
.5.) 
.60 
.60 


Sept.     Oct.     Nov.  I  Dec. 


0.55 
.57 
.57 
.56 
.57 

.57 


.58 

.58 
.61 
.64 
.72 
.64 

.60 
.58 
.50 
.57 
.57 


0.58 

1.38 

.60 

1.32 

.62 

1.20 

.66 

1.18 

.62 

1.12 

1.20 

1.08 

1.14 

1.21 

1.00 

1.40 

1.06 

1.60 

1.14 

1.71 

1.25 

2.00 

1.32 

2.20 

1.35 

3.64 

1.42 

6.77 

1.43 

8.66 

1.55 

6.35 

1.60 

4.10 

1.54 

3.11 

1.41 

2.55 

1.40 

2.22 

1.17 
1.88 
1.08 
1.07 
1.09 

1.25 
1.64 
1.70 
1.64 
1.57 

1.44 
1.36 
1.27 
1.26 
1.27 

1.64 
1.65 
1.62 
1.72 
2,73 
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SURFACE   WATER   SUPPLY,   1906. 


Daily  gage  height  j  in  feet,  of  Cedar  River  near  RavensdaU,  Wash.,  for  1906 — Continued. 


Day. 


Jan.     Fe)>. 


21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 


1.15  2.00 

1.23  1.95 

1.G8  1.85 

2.25  1.84 

2.67  I  1.76 

2. 47  '  1. 78 
2.25  ,  1.71 
2. 10       1. 67 

2.01 

2.00   

2.10   


Mar. 
1.05 

Apr. 
1.27 

May. 
1.04 

June. 
1.12 

July. 

Aug. 

Sept. 

Oct. 
1.29 

Nov. 

.67 

.59 

.56 

2.10 

1.05 

1.37 

1.04 

1.14 

.66 

.68 

.55 

1.20 

1.91 

1.04 

1.44 

1.08 

1.12 

.65 

.67 

.67 

1.15 

1.71 

1.02 

1.38 

1.07 

1.0(^ 

.65 

.59 

.60 

1.06 

1.68 

1.01 

1.35 

1.02 

1.05 

.63 

.58 

.60 

1.25 

1.52 

1.01 

1.31 

1.06 

1.04 

.63 

.58 

.58 

2.11 

1.47 

1.07 

1.28 

1.04 

1.01 

.66 

.56 

.58 

2.24 

1.39 

1.04 

1.26 

1.06 

1.01 

.65 

.58 

.67 

1.94 

1.24 

1.03 

1.25 

1.03 

1.13 

.63 

.57 

.57 

1.73 

1.18 

1.04 

1.27 

1.02 

1.11 

.64 

,57 

.57 

1.59 

1.77 

1.2)^ 

1.14 

.63 

.57 

1.47 

Dec. 


3.02 
2.85 
2.52 
2.20 
2.02 

1.83 
1.77 
1.64 
1.60 
1.50 
1.45 


Note.— These  gage  heights  were  read  with  a  hook  gage  and  give  the  height  al)ove  the  crtwt  of  the 
diversion  dam  of  the  Seattle  water-system  pipe  line 

Rating  table  for  Cedar  River  near  Ravensdale,  Wash.,  for  1905-6. 


Gage 
height. 

Dis- 
charge. 

Sec.-ft.  1 

Oage 
height. 

Dis- 
charge. 

Gage 
heiglit. 

Dis- 
charge. 

Sec.-ft. 

Oafe 
helj^t. 

Dis- 
charge. 

Sec.-ft. 

helgTt. 
Feet. 

Dis- 
charge- 

Feet. 

Feet. 

Sec.-ft. 

Feet. 

Feet. 

Sec.-//. 

0.50 

180    i 

1.60 

910 

2.70 

1.940 

3.70 

3,100 

5.40 

5,450 

o.r,o 

230    1 

1.70 

990 

2.80 

2.050 

3.80 

3,220 

5.60 

5,750 

0.70 

285    1 

1.80 

1.075 

2.90 

2.160 

3.90 

3,350 

6.80 

6,050 

0.80 

340 

1.90 

1.160 

3.00 

2.270 

4.00 

3,480 

6.00 

6,370 

0.90 

400 

2.00 

1.250 

3.10 

2.380    . 

4.20 

3,740 

6.20 

6,600 

1.00 

465 

2.10 

1.340 

3.20 

2.500 

4.40 

-4.000 

6.40 

7,010 

1.10 

.530 

2.20 

1,430 

3.30 

2.620 

4.60 

4.280 

6.60 

7,330 

1.20 

COO 

2.30 

i.m 

3.40 

2.740 

4.80 

4,560 

6.80 

7.660 

1.30 

675 

2.40 

1.630 

3.50 

2.860 

5.00 

4.850 

7.00 

8,000 

1.40 

750 

2..W 

1.730 

3.60 

2.980 

5.20 

5,150 

8.00 

9,700 

1.50 

830 

2.60 

1,830 

NoTP..— Tne  above  tal)le  is  computed  for  discharges  over  a  steel-shod  triangular  weir  120  feet  long, 
which  approximates  in  shape  type  O  in  Hazen  and  Whipple's  discussion  of  irregular  weirs.  It  includes 
the  diacnarge  of  the  Seattle  water-supply  pipe  line. 

Monthly  discharge  of  Cedar  River  near  Ravensdale,  Wash.,  for  1905-6. 
[Drainage  area.  170  square  miles.] 


Month. 


Discharge  in  second-feet. 
Maximuni.  Minimum.      Mean. 


January... 
February.. 

March 

April 

May 

June 

July 

August 

September. 
Octol)er . . . 
November. 
December . 


1905. 


The  year . 


January 

February.. 

March 

April 

May 

June 

July 

August.... 
September. 

October 

November. 
December . . 


1,010 

1,010 

1,070 

870 

1,980 

1,190 

472 

2(>8 

246 

1,230 

950 

1,070 


1,980 


376 

623 

280 

535 

420 

742 

485 

618 

40(i 

807 

394 

656 

274 

336 

180 

236 

195 

215 

180 

710 

290 

478 

524 

728 

Total  in 
acre-feet. 


38.300 
29,700 
45,600 
36,800 
49.600 
39,000 
20,700 
14,500 
12,800 
43.700 
28,400 
44,800 


Run-off. 

Sec.-ft.  per   Depth  in 
sq.  mile.       inches. 


180 


557 


1,910 

1,410 
878 
814 
682 
608 
524 
258 
296 

1,470 
10,800 

2.290 


565 

950 

586 

976 

472 

610 

586 

678 

478 

538 

472 

540 

24<> 

334 

210 

231 

205 

224 

220 

688 

517 

1,870 

510 

1.010 

The  year . 


10.800 


205 


404,000 


58,400 
54.200 
37,500 
40.300 
33.100 
32,100 
20,500 
14.200 
13.300 
42.300 
111,000 
62.100 


619.000 


3.66 
3.15 
4.36 
3.64 
4.75 
3.86 
1.98 
1.39 
1.26 
4.18 
2.81 
4.28 


3.28 


4.22 
3.28 
5.03 
4.06 
6.48 
4.31 
2.28 
1.60 
1.41 
4.82 
3.14 
4.93 


44.56 


5  59 
5.74 
3.59 
3.99 
3.16 
3.18 
1.96 
1.36 
1.32 
4.05 
11.00 
5.96 


6.44 
5.08 
4.14 
4.45 
3.64 
3.55 
2.26 
1.57 
1.47 
4.67 
12.  Z7 
6.86 


4.24 


57.30 


Note.— Values  for  1905-0  are  rated  as  good.    Discharge  includes  34  second-feet  diverted  by  the  Seattle 
water  supply  pipe  line. 
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MISCELLANEOUS   MEASUREMENTS. 


The  following  miscellaneous  measurements  were  made  in  Puget 
Sound  drainage  basin  during  1906: 

Baker  River  near  Baker,  Wash, — A  measurement  was  made  Novem- 
ber 5,  1906,  at  the  highway  bridge  between  Baker  and  Concrete. 
The  water  surface  was  24.25  feet  below  the  top  of  the  first  floor  beam 
from  the  left  downstream  pier.  The  stage  was  about  3  feet  above 
low  water,  and  15  feet  below  high  water. 

Width,  150  feet;  area,  737  square  feet;  discharge,  3,180  second-feet. 

Creeks  near  Baker,  Wa^h, — ^The  discharge  of  the  first  creek  below 
the  head-gate  of  the  Washington  Portland  Cement  Company's  power 
flume  was  estimated  November  5,  1906,  as  8  second-feet.  This 
stream  is  a  series  of  cascades.  The  discharge  of  the  second  from  the 
head-gate  was  estimated  as  6  second-feet. 

Carbon  River. — This  stream  rises  in  Mount  Rainier  and  flows  into 
Puyallup  River.  It  is  a  glacial  stream  and  is  always  white  with  sus- 
pended matter.  A  measurement  was  made  near  the  mouth  of 
Canada  Creek,  September  26,  1906,  which  was  not  low  water  for 
the  season. 

Width,  31  feet;  area,  54  square  feet;  discharge,  145  second-fec^t. 

A  measurement  was  made  September  27,  1906,  at  the  railroad 
bridge  at  Fairfax,  Wash.  The  water  surface  was  8.55  feet  below  the 
top  of  the  retaining  wall  forming  the  right  abutment  downstream 
side. 

Width,  54  feet;  area,  103  square  feet;  discharge,  455  second-feet. 
Canada  Creek. — This  stream  is  a  tributary  of  Carbon  River.     A 
measurement  was  made  near  the  mouth  September  26,  1906.     The 
wat^r  surface  was  3.52  feet  below  a  nail  in  a  small  cedar  near  the 
mouth. 

Width,  7  feet;  area,  3.2  square  feet;  discharge,  5.5  second-feet. 
Chenuis  Creek. — A  measurement  was  made  near  the  junction  with 
Carbon  River,  September  27,  1906. 

Width,  14  feet;  area,  14  square  feet;  discharge,  15  second -feet. 

NORTHERN  PACIFIC  OCEAN  DRAINAGE. 

DESCRIP^nON  OF  BA8IX. 

The  streams  draining  the  western  slope  of  the  Coast  Range  in  Ore- 
gon are  comparatively  short,  but,  owing  to  the  heavy  precipitation 
on  their  catchment  basins,  carry  large  quantities  of  water.  The 
area  throughout  this  region  is  mountainous  and  heavily  timbered. 
A  considerable  portion  of  the  timbered  area  has  been  burned  over. 
The  principal  streams  in  this  basin  are  the  Siletz,  Alseya,  Suislaw, 
Smiths,  Umpqua,  Coquille,  IlUnois,  and  Rogue  rivers. 


Digitized  by  LjOOQ IC 


182 


SUBFACE   WATER   SUPPLY,   1906. 


SIIiETZ  BIVEB  BASIS. 


8ILETZ   RIYEB   AT   SILETZ.   OREO. 


This  station  was  established  November  25,  1905.  It  is  located  at 
Siletz,  Oreg.,  about  1  mile  above  the  ferry  on  the  Siletz  and  Toledo 
stage  road,  6  miles  below  the  mouth  of  Rock  Creek.  The  conditions 
at  this  station  and  the  bench  marks  are  described  in  Water-Supply 
Paper  No.  177,  page  252. 

Discharge  measuremenU  of  Siletz  River  at  Siletz,  Oreg.,  in  1905-6. 


L.  R.  AUen. 


Date. 


1905. 
November  26. 


1M6. 

laiyC 

March  29 do 

May  10 do 

July  23 1 do 

September  24. . .    I.E.  Oakes . 


nydrographer. 


VIdth. 

Area  of 
Bection. 

he^t. 

DIs- 

Feti. 
1S7 

5,.^ 

Feet. 
2.15 

aec-ft. 

1,170 

156 
157 
167 
151 
155 

338 

370 
303 
231 
289 

1.77 
2.03 
•  l.fiO 
1.23 
1.60 

810 
1.030 
498 
309 
592 

a  Possible  backwater  effect  from  small  dam  75  feet  below. 
Daily  gage  height,  in  feet ,  of  Siletz  River  at  Siletz,  Oreg.,  for  1906. 


Day. 


Jan. 


1 '  4.5 

2 ;..  3.8 

3 1  3.3 

4 '  3.0 

5 1  2.9 

6 1  2.8 

7 2.7 

8 2.9 

9 2.9 

10 2.8 

11 3.0 

12 ae 

13 &8 

14 4.8 

16 4.2 

16 5.0 

17 6.8 

18 6.6 

19 4-8 

20 1  4.0 

21 '  3.6 

22 3.8 

23 6.2 

24 ai 

26 1  &7 

26 '  4.4 

27 3.7, 

2S 12  I 

29 2.9 

30 2.6" 

31 2.6 


Feb. 

Mar. 

Apr. 

May. 

June. 

July. 
2.1 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

2.5 

3.6 

2.3 

1.9 

1.9 

1.15 

a85 

1.4 

2.0 

2-0 

2.4 

3.0 

2.2 

1.86 

1.85 

2.0 

1.1 

.85 

1.6 

2.0 

2.0 

2.3 

2.7 

2.1 

1.8 

1.9 

1.85 

1.1 

.85 

1.8 

2.3 

2-0 

2.2 

2.9 

2.0 

1.75 

2.3 

1.8 

1.1 

.85 

1.7 

ao 

2.7 

2.1 

2.9 

1.95 

1.7 

2.6 

1.75 

1.1 

.86 

1.6 

a4 

2.9 

2.0 

2.9 

1.9 

1.65 

2.7 

1.65 

1.1 

.85 

1.6 

a? 

6.2 

1.9 

2.7 

1.8 

1.6 

2.65 

1.6 

1.05 

.85 

1.5 

ia74 

4.2 

1.8 

2.6 

1.75 

1.6 

2.6 

1.55 

1.05 

.95 

1.5 

12.6 

4.0 

1.8 

2.5 

2.2 

1.55 

2.55 

1.5 

1.05 

.95 

1.45 

7.1 

3.7 

1.7 

2.4 

2.0 

1.55 

2.6 

1.5 

1.05 

.9 

1.6 

9.1 

as 

1.7 

2.3 

1.9 

1.5 

2.6- 

1.45 

1.0 

.9 

2.0 

6.3 

3.S 

1.6 

2.1 

1.85 

1.5 

2.7 

1.4 

1.0 

.95 

1.9 

7.0 

ai 

1.6 

2.1 

1.8 

1.5 

3.35 

1.4 

1.0 

1.6 

1.85 

&4 

ao 

1.5 

2.0 

1.75 

2.0 

ai 

1.4 

1.0 

2.0 

1.85 

las 

2.8 

1.6 

1.9 

1.7 

2.4 

ao6 

1.35 

1.0 

1.95 

2.65 

16.6 

3.0 

1.8 

1.8 

1  7 

2  66 

4.1 

1  35 

1.0 

1.5 

4.0 

9.9 

4.0 

2.8 

1.8 

1.66 

2.4 

a56 

1.3 

.95 

1.35 

a9 

9.7 

3.7 

6.6 

1.8 

1.6 

2.3 

ai 

1.3 

.95 

1.25 

ao 

7.6 

as 

6.05 

1.8 

1.6 

2.2 

2.8 

1.3 

.95 

1.16 

ai 

as 

4.1 

7.6 

1.9 

1.55 

2.2 

2.6 

1.3 

.95 

1.15 

2.7 

4.4 

11.5 

7.9 

2.1 

1.5 

2.3 

2.4 

1.25 

.95 

1.1 

2.0 

4.1 

12.11 

6.9 

2.1 

1.5 

2.2 

2.25 

1.25 

.95 

1.1 

2.4 

a7 

7.0 

5.8 

2.3 

1.5 

2.1 

2.1 

1.26 

.9 

1.4 

2.25 

as 

S.i 

6.4 

2.4 

2.35 

2.0 

2.0 

1.26 

.9 

1.6 

2.1 

a2 

4.0 

6.7 

2.3 

2.16 

2.05 

1.96 

1.2 

.9 

1.6 

2.6 

2.9 

3.8 

6.4 

2.2 

2.2 

2.3 

1.9 

1.2 

>:t 

1.5 

as 

2.7 

3.6 

6.4 

2.2 

2.2 

2.26 

1.8 

1.2 

1.5 

ao 

2.5 

a45 

4-7 

2.1 

2.2 

2.2 

1.8 

1.2 

.9 

1.4 

2.7 

2.4 

3.15 

2.0 

2.1 

2.1 

2.2 

1.2 

.9 

1.4 

2.55 

2.3 

ao 

2.1 

2.0 

2.06 

2.4 

1.16 

.9 

1.4 

2.4 

2.1 

ao 

2.3 

2.0 

1.15 

.85 

2.2 

2.9 
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Rating  table  for  Siletz  Rxver  at  Siletz,  Oreg.Jor  1906. 


FeeL 

asB 

Dis- 
chaige 

hfl^ 

Dl»- 
chaige 

jl^t. 

cfaitrgD. 

jhefiEl 

Di»- 
chaige 

Gase 
height. 

Feet. 
3.40 

chaigB 

'"i£- 

Feet, 
L40 

Sec^. 

Feet. 
I    2.00 

SeC'ft. 
9» 

'    Feet. 
2.60 

Sec.-fi. 
1,790 

Sec^. 
3,070 

ago 

IfiO 

1.60 

500 

'    2.10 

1,110 

2.70 

1,940 

i    3.60 

3  410 

LOO 

106 

1.60 

580 

1    2.20 

1,230 

2.80 

2,000 

1    3.80 

3.T70 

1.10 

245 

1.70 

670 

2.30 

1,360 

2.90 

2,260 

4.00 

4,130 

1.20 

^ 

1.80 

770 

2.40 

1,500 

3.00 

2,410 

1.30 

1.90 

880 

2.50 

1,640 

1    3.20 

2,730 

NoTB.—The  Above  table  is  a] 
measorements  made  during  11 


illcable  only  for  open-channel  oonditiooB.    It  la  based  on  5  dischaigB 
'  and  is  well  defined  between  gage  heights  1.2  feet  and  2.2  feet. 


Monthly  discharge  of  Siletz  River  at  Siletz,  Ortg.,for  1906. 
[Drainage  area,  220  squaie  miles.] 


ICaich 
April 

Jane 
July. 
August 
September. 

October 

November  1-7 

The  period 

Note.— The  above  estimates  are  provisional  and  subject  to  revision  when  more  data  are  available. 
Values  are  rated  as  follows:  April,  May,  and  July,  excellent;  March,  Juno,  and  August  to  November, 
good. 

TJMPQUA  RIVER  DRAIN'AGB  BA8IK. 

UMPQUA   RIVER   AT   ELKTON,    OREO. 

This  station  was  established  October  18,  1905,  by  J.  G.  Kelley,  of 
Portland,  Oreg.,  by  whom  it  is  maintained  and  the  results  furnished 
to  the  Geological  Survey.  It  is  located  at  Smiths  Ferry,  4  miles 
above  Elkton. 

The  gage  is  100  feet  above  the  ferry,  on  the  left  bank.  It  is  an 
inclined  staflF  fastened  to  bed  rock.     The  gage  datum  is  low  water. 

The  following  measurement  was  made  August  11,  1906: 

Width,  365  feet;  area,  1,560  square  feet;  ga^e  height,  0.07  foot;  discharge,  1,340 
second-feet. 

Daihf  gage  height^  in  feet,  of  Umpqua  River  near  Elkton,  Oreg.,  for  1905-6. 

1005. 


Day. 

Oct. 

Nov. 

Dec.: 

Day. 

Oct. 

Nov. ,  Dec. 

1           1 

Day. 

Oct. 

Nov. 

.62 
.42 
.29 
.25 
.25 
1.42 
1.29 
1.88 

Dec. 

1 

0.08 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

2.88 
2.38 
2.00 
2.33 
2.42 
2.67 
3.12 
3.08 
2.88 
2.38 
1.96 

12 

0.00     1.67 
.00     1.38 
.00     1.21 
.00     1.12 
.00  ;  1.05 
.00  '     .08 
.00  1  1.21 
.00  1  1.42 
.50     2.33 
1. 62  <  4. 29 
1.21  1  3.29 

23 

24 

25 

26 

.08 
.08 
.17 
.17 
.67 
.71 
.58 
.58 
.38 

2.54 

2       

13 

2.12 

3 

14 

1.42 

4 

15 

1.75 

5 

16. 

27 

6.00 

6 

17 

28 

5.71 

7 

18  :: 

0.08 
.75 
.50 
.42 

0.25 

29 

4.46 

8     

19 

30 

4.08 

9 

20 

31 

8.29 

10 

21 

11 

22 
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SURFACE    WATER   SUPPLY,   1906. 


Daily  gage  height,  infect,  of  Ihjipqua  River  near  Elhton,  Oreg.,for  1905-6 — Continued. 

1900. 


Day. 

Jan. 

6.08 
6.08 
3.38 
3.46 
3.46 

3.38 
3.50 
3.  .50 
4.29 

6.88 

5.02 
5.29 
9.88 
8.88 
8.17 

13. 79 
18. :« 
10.  42 
8.46 
6.79 

5.88 
5.21 
5.a5 
8.62 
8.29 

7.58 
6.62 
5.83 
5.38 
4.54 
5.42 

Feb. 

b.iO 
6.00 
4.42 

4.50 
4.12 

3.79 
3.54 
3.29 
3.17 
3.05 

2.96 
2.79 
2.02 
2.50 
2.02 

3.08 
.3.25 
3.67 
6.88 
9.a5 

15. 38 
13.08 
11.62 
11.33 
11.38 

9.75 
10.88 
8.62 

Mar. 

1 

7.50 

2   

6.17 

3 

6.05 

4 

6.75 

6 

5.75 

6 

5.05 

7    

5.25 

8 

5.25 

9 

5.21 

10 

5.12 

11 

5.00 

12 

5.00 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

2,5 

26. 

5.00 
.5.00 
4.17 

3.12 
3.00 
.TOO 
3.00 
3.00 

3.50 
4.17 
4.50 
4.29 
4.17 

4.29 

27 

4. 46 

28. 

4.12 

29 

3.?6 

30... 

.3.75 

31 

3.75 

Mar.  I  Apr.  |  May.    June.    July. 


7.33 

6.58  I 
5.71  I 
5.29 
5.29  I 

4.62 
4.3.3  I 
4.17  ' 
4.0,'.  . 
4.17  i 


3.58 
3.29 
3.12 
3.00 
3.00 

3.a5 
2.96 
2.75 
2.75 
2.58 


3.00 
2.16 
2.67  I 
2.67  1 

2.75 
2.88  I 
3.08 
.3.08 
3.08  ' 

3.17  I 
3  .33  ' 
3  7') 
4.00 

3. 88  I 


3.88 

2.75 

3.  .34 

2.71 

3.21 

2.  .58 

3.12 

2.46  1 

3.00 

2.  .54  , 

3.00 

4.12 

3. «()  I 
3.  .58 
.3.38 
3.08 

2.90  I 
3.  46  ' 
4.46 
4.21  I 
3. 46  I 

3  75  I 
3.88 
4.58  I 
1.3.21 
10.25 


8.50 


6.29 
5. 46 
4.88 
4.88 
4.83 

4.58 
4.79 
4.88 
4.83 
4.83 

5.38 
4.75  , 
4.50 
4.08 
4.25  I 

4.42 
4.50  I 
3.96 
3.62 
3.29 

3  00  I 
2.92 
2.67 
2.42  i 
2.2,5  I 

2.17 
2.00  , 
2.00 
2.00  I 
1.96 


1.75 
1.75 
1.67 
1..50 
1.38 

1.33 
1.17 
1.00 
1.00 

.88 


.75 


.62 
..54 
..50 

.50 

.46 
.42 
.42 
.33 
.2.5 


.2,5 
.25 
.25 
.2.5 
.2.5 


Aug. 


0.25 
.25 
.17 
.17 
.17 

.17 
.17 
.17 
.17 
.17 

.17 
.17 
.17 
.08 
.08 

.08 
.08 
.00 
.00 
.00 

.00 
.00 
.00 
.00 
.00 

.00 
.00 
.00 
.00 
.00 
.00 


Sept.      Oct.   !  Nov.     D«« 


0.00 
.00 
.00 
.00 
.00 

.00 
.00 
.00 
.00 
.00 


0.00 
.00 
.00 
.00 
.00 

.00 
.00 
.00 
.00 
.00 


.00 

.00 

.00 

.08 

.00 

.12 

.29 

.Q» 

1.17 

.12 

1.00 

.21 

.75 

.29 

.54 

1.21 

.46 

1.12 

.42 

1.00 

.33 

.07 

.2.5 

.38 

.12 

.29 

.08 

.00 

.17 

.00 

.17 

.00 

.05 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

0.00 

1.38 

.00 

1.29 

.00 

1.12 

.00 

1.00 

.25 

1.00 

.12 

i.a5 

1.50 

1.42 

3.75 

3.08 

3.75 

5.21 

3.12 

5.  .58 

2.2.5 

5.75 

2.21 

5.21 

1.% 

4.tB 

2.33 

3. 88 

2.92 

3.  .54 

6.33 

5.62 

5.50 

6.33 

7.17 

4.  7.5 

5.83 

4.67 

4.50 

<xa5 

4.00 

6.07 

4.58 

5.42 

4.58 

4.79 

3.50 

4.42 

3.05 

.5.21 

2.67 

8  21 

2.29 

8.21 

2.00 

6.75 

1.88 

.5.33 

9.67 

4.79 

5.  62 

NORTH   FORK   OF    UMPQUA    RIVER    NEAR   OAKCREEK,    OREG. 

This  station  was  established  September  6,  1905.  It  is  located  3 
miles  west  of  Oakcreek,  Oreg.,  l\  miles  above  J.  R.  Dixon's  farni- 
hou^,  about  10  miles  below  the  mouth  of  East  Fork  of  North  Fork 
of  Umpqua  River.  The  conditions  at  the  station  and  the  bench 
marks  are  described  in  Water-Supply  Paper  No.  177,  page  251. 

Discharge  measurcincnts  of  North  Fork  of  Umpqua  River  near  Oakcreek,  Oreg.,  in  1905-6. 


Date. 


1905. 
September  6.. 

October  19 

December  27.. 


Hydrographer. 


L.  R.  Allen. 

,...do 

...do 


1906.  ' 

January  31 ,  L.  R.  Allen  . 

March  20 ! do 

May  1 -  .1 do 

May  30 1 do 

July  14 do 

August  10  do 

September  13 . . ' do 


Width. 


Feft. 
215 
222 
279 


Sq.ft. 
457 
580 
1,450 


Oago 
height. 


280 

1,480 

249 

847 

268 

1,090 

284 

1,800 

213 

611 

190 

,508 

208 

604 

Feet, 
1.35 
2.10 
5.35 


5.56 
3.23 
4.06 
6.74 
2.23 
1.73 
2.30 


Dis- 
charge. 


Sec-p. 
88ii 
1.430 
7,110 


7,370 
2.780 
4.340 
10.200 
1,600 
1.120 
1.610 
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Daily  gage  height,  in  feet,  of  North  Fork  of  Umpqua  River  near  Oakcreek,  Oreg.,for  1906. 


^Day. 


1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 
31. 


Jan. 


3.6 
3.2 
3.1 
3.4 
3.7 

3.7 
3.7 
3.8 
7.3 
5.2 

5.4 

5.55 

6.2 

6.1 

5.4 

12.5 
7.0 
6.7 
6.3 
4.3 

4.0 
8.95 
5.6 
7.4 
6.7 

6.06 

5.4 

5.1 

4.7 

5.2 

5.2 


Feb. 


5.2 
5.0 
4.7 
4.3 
4.15 

4.1 
4.1 
4.1 
3.7 
3.6 

3.5 
3.4 
3.3 
3.3 
3.7 

3.6 
3.85 
4.6 
6.75 
7.3 

7.5 

6.95 

6.55 

6.95 

6.4 

6.4 
7.25 
7.0 


Har. 


5.3 
4.75 
4.6 
4.4 
4.3 

4.2 
4.9 
5.0 
5.0 
4.75 

4.3 
4.15 
3.7 
3.5 
3.25 

3.25 

3.0 

3.15 

31 

4.8 

4.4 
4.15 
3.8 
4.3 
4.2 

4.2 
4.1 
3.9 
3.7 
39 
5.9 


Apr. 


5.5 
5.5 
5.1 
4.6 
4.4 

4.2 
4.0 
3.8 
4.4 
4.4 

3.85 
3.65 
355 
3.55 
3.65 

3  7 
3.6 
3.5 
3.5 
3.75 

39 
3  95 
3  95 
3  7 
385 

4.05 
4.2 
4.45 
4.3 
4.2 


May. 


4.05 

3.9 

3.9 

3.95 

38 

3.7 
3.65 
36 
3.65 
3  75 

3  7 

3.55 

3.5 

3.5 

4.1 

4.0 
38 
3  6 
355 
395 

4.5 
4.9 
4.6 
4.8 
4.0 

4.0 

5.8 

7.5 

7.9 

6.75 

5.6 


June. 

July. 

Aug. 

5.0 

2.9 

1.8 

4.7 

2.8 

1.8 

4.5 

2.8 

1.8 

4.45 

2.6 

1.8 

4.3 

2.6 

1.8 

4.5 

2.6 

1.8 

4.95 

2.5 

1.75 

5.2 

2.45 

1.75 

5.5 

2.4 

1.7 

5.05 

2.35 

1.7 

5.5 

2.36 

1.7 

4.5 

2.3 

1.7 

4.5 

2.25 

1.7 

4.3 

2.2 

1.65 

4.4 

2.2 

1.65 

4.3 

2.25 

.    1.65 

4.5 

2.15 

1.65 

4.1 

2.1 

1.6 

3  95 

2.1 

1.6 

3  8 

2.05 

1.6 

36 

1.9 

1.6 

3.3 

2.0 

1.6 

30 

1.95 

1.6 

3.3 

1.95 

1.55 

32 

1.95 

1.55 

31 

1.9 

1.55 

3.1 

1.9 

1.5 

3.05 

1.9 

1.5 

3.0 

1.9 

1.5 

2.9 

1.9 

1.5 

1.&5 

1.5 

Sept. 


1.5 
1.5 
1.5 
1.5 
1.5 

1.5 
1.5 
1.6 
1.7 
1.6 

1.5 

1.65 

2.4 

2.3 

2.5 

1.95 

1.75 

1.65 

1.5 

1.56 

1.55 
1.55 
1.6 
1.8 
1.6 

1.6 

1.55 
1.55 
1.5    I 
1.5 


Oct. 


1.5 

1.5 

1.55 

1.6 

1.55 

1.5 

1.5 

1.45 

1.45 

1.45 

1.5 

1.8 

1.7 

1.75 

1.&5 

2.1 
30 
2.9 
2.9 
2.9 

1.85 

1.8,'j 

1.85 

1.7 

1.65 

1.6 
1.75 
1.65 
1.6 
1.65 
1.6 


Nov. 


1.5 

1.55 

1.6 

1.8 

2.8 

2.25 
6.25 
4.35 
3.75 
33 

33 

2.8    I 
38 
4.1     I 
7.75 

5.75 
7.1 
6.1 
4.6    j 

4.1     I 

I 

4.9  : 

4.4  I 
395  I 
3  6  , 
33    ' 

30 
2.8 
2.7 
2.6 
2.5 


Dec. 


2.4 
2.35 
2.3 
2.3 
2.45 

2.5 
4.5 
4.55 
4.7 
4.4 

4.2 

4.2 

3.7 

355 

4.35 

6.15 
5.0 
4.4 
4.4 

6.15 

6.9 

5.7 

4.95 

5.2 

6.85 

7.4 
5.9 
5.0 
4.9 
4.8 
4.8 


Rating  table  for  North  Fork  of  Umpqua  River  near  Oakcreek,  Oreg.,for  1905-6. 


I  Oa 
,heiB 


Fed. 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2  30 
240 


charge. 

height. 

chaigo 

««X 

Feet. 
2.50 

r^- 

920    I 

2.60 

1,980 

965    1 

2.70 

2,100 

1,055 

2.80 

2,230 

1,130 

290 

2,360 

1.205 

300 

2,500- 

1,285 

3.10 

2,640 

1,370 

3.20 

2,780 

1,460 

330 

2,930 

1,550 

3  40 

3,060 

1.650 

3  50 

3,240 

1,750 

360 

3,410 

Gage 
height. 

Feet. 
3  70 
3.80 
3.90 
4.00 
4.10 
4.20 
4.30 
4.40 
4.50 
4.60 
4.70 
4.80 


Dis- 
charge. 

Sec.-ft 
3.580 
3.760 
3,940 
4,130 
4,320 
4,510 
4,700 
4,900 
5,100 
5.300 
5;  .510 
5,720 


Gage 
height. 

Dis- 
charge. 

Sec.-ft. 

he'lS^t. 

Dis- 
charge. 

Feet. 

Feet. 

Sec.-ft. 

4.90 

5,930 

7.20 

11.340 

5.00 

6,150 

7.40 

11.860 

5.20 

6.590 

7.60 

12,390 

5.40 

7,040 

7.80 

12.930 

6.60 

7,500 

8.00 

13. 470 

5.80 

7,9(iO 

9.00 

16,300 

6.00 

8.420 

10.00 

19,300 

6.20 

8,900 

11.00 

22,300 

6.40 

9,380 

12.00 

25.300 

6.60 

9. 860 

6.80 

10,340 

7.00 

10,830 

Note.— The  above  table  is  applicable  only  for  open-channel  conditions.    It  is  based  on  10  discharge 
measarements  made  during  1906-6  and  is  well  defined  between  gage  heights  1.3  feet  and  7.0  feet. 
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Monthly  discharge  of  North  Fork  of  Umpqua  River  near  Oakcreeh,  Greg,,  for  1906-6. 
[Drainage  area,  1,000  square  miles.] 


Month. 


1905. 

September  6-30 

October 

November 

December 


The  period . 


January 

February . . 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December.. 


1906. 


The  year. 


Discharge  in  second-feet. 


Maximum. 


1,090 
2,300 
2,230 
9,020 


2A,800 
12,100 
8,190 
7,270 
13,200 
7,270 
2,360 
1,200 
1,860 
2,500 
12,800 
11,900 


26,800 


Minimum. 


920 

890 

1,650 


2.640 

2,930 

2,500 

3,240 

3,240 

2,360 

1,240 

985 

985 

952 

965 

1,650 


952 


Mean. 


•  902 
1,270 
1,190 
3,020 


7,600 
6,490 
4,570 
4,340 
5,000 
4,470 
1,600 
1,090 
1,120 
1,260 
4,120 
5,500 


Total  in 
acre-feet. 


44,700 
78,100 
70,800 
186,000 


380,000 


467,000 
360,000 
281,000 
258,000 
307,000 
266,000 
96,400 
67,000 
66,600 
77,600 
245,000 
338,000 


2,830,000 


Run-off. 


;ec.-ft.per 
sq.  mile. 


0.902 
1.27 
1.19 
3.02 


7.60 
6.49 
4.67 
4.34 
5.00 
4.47 
1.60 
1.09 
1.12 
1.26 
4.12 
5.50 


3.93 


Depth  in 


a839 
1.46 
1.33 
3.48 


8.76 
6.76 
5.27 
4.84 
5.76 
4.99 
1.84 
1.26 
1.25 
1.45 
4.00 
&34 


53.12 


Note.— Values  for  1905  and  1906  are  excellent. 

SOUTH   FORK  OF   UMPQUA   RIVER   NEAR   BROCKWAY,  OREO. 

This  station  was  established  December  6,  1905,  by  L.  R.  Allen. 
It  is  located  just  below  Winston's  highway  bridge,  3  miles  east  of 
Brockway,  Oreg.,  and  3  miles  below  the  mouth  of  Lookingglass 
Greek.  The  conditions  at  this  station  and  the  bench  marks  are 
described  in  Water-Supply  Paper  No.  177,  page  250. 

Discharge  meusurements  of  South  Fork  of  Umpqua  River  near  Brockway  ^  Oreg.  y  in  190&-6. 


Date. 

liydrographer. 

Width. 

Area  of 
section. 

Gage 

Dia- 
chaige. 

1905. 
December  28  . . . 

L.  R.  AUen 

Feet. 
302 

303 
299 
295 
320 
318 
283 
276 
284 

1,200 

3,130 

2,920 

688 

481 

642 

Feet. 
4.16 

4.32 

3.60 

2.82 

8.77 

8.40 

.95 

.22 

.78 

Stc.-ft. 
3,000 

1906. 

February  1 

March  21 

L.  R.Allen 

3,490 

do 

2,390 

May2 

.....do 

1,600 

May  29 

do 

14,800 

May29 

do 

13,800 

July  13 

do 

S 

August  9 

:::.:ao::.::   :: : :: 

205 

September  14... 

I.E.  Oakes 

414 
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UMPQUA   RIVER   DRAINAGE   BASIN.  187 

Daily  gage  height,  in  feet,  of  South  Fork  of  Umpqua  River  near  Brochway,  Or  eg.,  for  1906. 


Day. 


Jan.      Feb.     Mar.     .\pr.     May.    June.    July.  |  Aug.     Sept.  ,   Oct.     Nov.  i  Dec. 


S. 
9. 
10. 

11. 
12. 
13. 
14. 
l.'». 


19. 
20. 


23. 
24. 


31. 


4.4 

3.6 
3.25 
3.0 
3.15 

3.2 

3.15 

3.1 

4.7 

5.25 

4.5 

6.45 

8.2 

6.75 

6.6 

18.1 
9.9 
7.4 
6.0 
5.35 

4.4 

4.45 

4.65 

6.3 

5.8  1 
5.1 
4.75 
4.4  I. 
4.15  '. 
4.4    i. 


4.35 
4.1     I 
4.0 
3.75 
3.5 

3.35 
3.2 
3.05 
2.95 
2.85 

2.75 
2.6 
2.55 
2.5 
3.0 

3.0 
3.05 
3.65 
6.2 
9.05 

10.7 
10.3 

8.3 

8.0 

7.3 

7.25 
8.5 
7.3 


6.25 
5.55 
5.05 
5.0 
4.75 

4.7 
4.6    . 
4.6    I 
4.5 
4.35  I 

^•2    \ 
4.0    ! 
3.75 
3:55 
3.35  < 

3.2 
3.05 
2.9 
3.0 
3.1 

3.5 
3.95 
4.15 
4.0 
4.0 

4.a5 
4.aT 
3.8 
3.6 
3.4.5 
4.25 


5.9 
5.35  I 
4.9    , 
4.7 
4.45 

4.2 
4.0    I 
3.75 
3.7 
3.7 

3.45 

3.25 

3.1 

2.9 

2.9 

2.9 
2.8 
2.7 
2.6 
2.55 

2.5.5 
2.  W 
2.75 
2.8 
2.8 

2.8 
2.75 
3.2 
3.3 
3.15 


3.0 

2.8 

2.75 

2.65 

2.6 


5.1 
4.4 
4.1 

4.r 

3.9 


3.6    I 
3.4 
3. 15 
2.95  I 
2.7 

2..>.5  I 
2.75  I 

3.4  ; 

3.2    I 
3.0 

3.0 
3.4 
3.7 
9.1 
7.4 
Ti.O 


2.5 

3.25  , 

2.45 

3.25 

2.3 

3.4 

2.25 

3.95 

2.25 

4.1 

2.25 

4.1 

2.2 

4.0 

2.1 

3.8 

2.1 

3.  .55 

2.7 

3.3 

3.3 
3.3 
3.1 

2.85  ! 
2.(i.5  I 

2.5 
2.4 
2.25 
2.15 
2.05 

1.9 
1.9 
1.9 

1.8.5 
1.75 


I 


1.&5 

0.4 

0.05 

1.55 

.35 

.05 

1.5.5 

.35 

.05 

1.4 

.35 

.05 

1.3 

.35 

.05 

1.3 

.35. 

.05 

1.2 

.3 

.05 

1.2 

.2.5 

.05 

1.1 

.25 

.05 

1.05 

.25 

.1 

1.05 

.2 

.15 

1.0 

.2 

.25 

.96 

.2 

.45 

.95 

.2 

.6 

.&5 

.15 

.8 

.8 

.15 

.9 

.8 

.15 

.9 

.8 

.1 

.85 

.75 

.1 

.75 

.7 

.05 

.6 

.6.5 

.a5 

.4 

.0.5 

.a5 

.3 

.6 

.05 

.35 

.6 

.a5 

.4 

.55 

.05 

.45 

.55 

.0.5 

.45 

.5 

.05 

.3 

.5 

.05 

.25 

.4.5 

.05 

.25 

.45 

.05 

.25 

.4 

.a5 

0.25 
.25 
.2.5 
.25 
.25 


.15 

.2 

.3 

.35 

.35 

35 
.45 
1.05 
1.00 
.95 

.75 
.75 
.6.5 


0.3 
.3 
.35 
.4 

2.0 

2.1 
2.8 
3.1 
2.8 
2.6 

1.9 
1.65 
1.45 
1.35 
1.1 

4.35 
3.95 
5.3 

4.2 
3.6 

3.1 

3.9,5 
3.0 


.5 

3.1 

2. 75 

.45 

2.3 

.45 

2.a5 

.4 

1.7.5 

.4 

l.fw 

.,^5 

1.4 

.35 

1.25 

1.15 

1.35 

1.2 

1.2 

1.25 

1.6 

4.0 

4.1 

4.4 

5.8 
5.0 
4.1 
3.5 
3.5 

5.25 

4.65 

4.05 

4.0 

4.4 

4.4 

3.9 
3.5 
3.35 
3.6 

6.  .55 

5.8 

4.85 

4.3 

3  95 

4.9 


Rating  table  for  South  Fork  of  VmjHina  River  near  Brockway,  Oreg.,for  J905-G. 


Gage        I)is- 
height.  charge. 


height,  charge. 


Feel. 

Sec.'ft. 

Feet. 

Sec.-ft. 

0.00 

160 

1.20 

544 

0.10 

182 

1.30 

.58.5 

,    0.20 

206 

1.40 

627 

030 

232 

1.50 

670 

0.40 

260 

1.60 

715 

0.50 

290 

1.70 

765 

o.eo 

321 

1.80 

820 

0-70 

354 

1.90 

880 

0.80 

389 

200 

940 

0.90 

426 

2.10 

1.005    ' 

1.00 

465 

220 

1,070 

1.10 

504 

2.30 

1,140 

Gage 
height. 

Feet. 
2  40 
2  50 
2  (K) 
2  70 

2  80 
2.90 
3.00" 
3. '20 
3.40 

3  (iO 
3.80 

4  00 


Dis- 
charge. 

Sec.-ft. 
1,210 
1,280 
1,.360 
1.440 
1.520 
1.610 
1.700 
1.900 
2,110 
2.340 
2, 610 
2,900 


Gage 
height. 

Feet. 
4  20 
4  40 

4  GO 
4.80 

5  00 
5  20 

5  40 
5.60 
5.80 

6  00 
7.00 
8.00 


Dis- 
charge. 

Sec.-ft. 
3,210 
3,. 540 
3,890 
4.260 
4  ()50 
5,060 
5,500 
5.960 
6.440 
6.940 
9. 610 

12.530 


Gage   I     Di.s- 
hoight.  charge. 


Feet 
9  00 
10  00 
11.00 

12  00 

13  00 

14  00 

15  00 

16  00 

17  00 

18  00 


Sec.-ft. 
15.6(X) 
18. 760 
21.980 
25. 280 
28.600 
32.000 
35. 400 
!  .'18,900 


42. 4(K) 


I  46^000 


Note.— The  above  table  is  applicable  only  to  opon-chnnnol  conditions.    It  is  ba.sod  on  9  discharge 
mertsurements  made  during  1906-^  and  is  well  defined  1k»1o\v  gagi'  height  9  feet. 
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SURFACE    WATER    SUPPLY,   1906. 


Monthly  discharge  of  South  Fork  of  Umpqua  River  near  Brockway,  Oreg.,for  2905-6. 
[Drainage  area,  1,800  square  miles.] 


l-feet. 
Mean. 

Total  in 
acro-feet. 

Run 

Sec,-ft  per 
sq.  mile. 

■off. 

Month. 

Maximum. 

_    _ 

7,190 

Minimum. 

Depth  in 
inches. 

1905. 
December  6-31 

484 

1.480 

76.300 

0.822 

0- ?<>,*» 

1906. 
Januar7 

46,400 

21,000 

7,580 

6,690 

15,900 

4.850 

•        740 

260 

426 

484 

5,280 

8.380 

1,700 

1,280 

1,610 

1,320 

1,000 

792 

^260 

171 

171 

194 

232 

524 

6,760 

6,120 

3,160 

2,340 

2.480 

2,020 

434 

200 

250 

272 

1,470 

3,010 

416,000 

340,000 

194.000 

139;  000 

152,000 

120,000 

26,700 

12,300 

14,900 

16,700 

87,500 

185,000 

3.76 

3.40 

1.76 

1.30 

1.38 

1.12 

2.41 

.111 

.139 

.151 

.817 

1.67 

4.34 

February 

3.54 

March 

2.03 

April 

1.45 

Mky 

1.59 

June 

1.25 

July 

.28 

August 

.  13 

September 

.  16 

Octol)er : 

.  17 

Novera  t)er 

.91 

December 

1.92 

The  year 

46,400 

171 

2,380 

1,700,000 

1.50 

17.77 

Note.— Values  for  1905  and  1906  are  rated  as  excellent. 


IliLINOIS  RIVER  DRAIT^AGE  BASIN. 

ROGUE    RIVER    NEAR   TOLO,    OREO.'* 

This  station  was  established  August  30,  1905.  It  is  located  at 
Gold  Ray,  Oreg.,  IJ  miles  below  Tolo  post-office,  just  below  the  Con- 
dor Water  and  Power  Company's  dam  and  bridge,  and  a  short  dis- 
tance below  the  mouth  of  Stewart  Creek.  The  conditions  at  this  sta- 
tion and  the  bench  marks  are  described  in  Water-Supply  Paper  No. 
177,  page  249. 

Discharge  measurements  of  Rogue  River  near  Tolo,  Oreg.,  in  2905-6. 


Dale. 

llydrographcr. 

Width. 

Feet. 
ISO 
ISO 
184 

188 
190 
192 
200 
184 
178 

Area  of 

section. 

hei^t. 

Di9- 
charigt*. 

1905. 
August  30 

L.  R.  Allen 

Sq.ft. 
1,010 
1,020 
1,100 

1.270 
1,230 
1,470 
1.500 
1,100 
981 

Feet. 
1.10 
1.20 
1.57 

2  51 
2.33 
3.24 
3. 72 
1  64 
1.06 

Sec.-fi. 
I..110 

OctoUT  17 

do 

1.210 

December  26.  ;. 

....do 

1.510 

1906. 
Janiinrv  29 

L.  R.  Allen 

2.920 

March  19 

.  ..do 

2,  r.70 

April  30 

May  31   

do 

4.  .570 

.  .do 

5. 3r¥) 

July  12 

Septemljerl2... 

do 

L.HfMl 

I.E.  Cakes 

l..Vrf) 

a  Referred  to  in  1905  report  as  "Gold  Ray." 
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Daily  gage  height^  in  feel,  of  Rogue  River  nrar  Tolo,  Oreg.^far  1906. 


Day. 


Jan.      Feb.  j  Mar.     Apr. 


8.. 
9.. 
10.. 

11.. 
12.. 
13. 
14. 
15. 

IC 
17. 
IS. 
19. 

30. 

21. 
22 
23! 
24. 
25- 


I 


1.5 
1.38  I 
1.4    I 
1.48 
1.45 

1.4 
1.4 
1.5 
1.7 
2.05 

1.9 

2.25 

3.2 

2.78 

2.65 

11.4 
4.4 
4.0 
3.5 
2.8 

2.4 
2.25 
a  75 
3.85 

a7 


2.65 

2.6 

2.55 

2.4 

2.35 

2.3 
2.25 
2.2 
2.18 
2.1 

2.1 

2.05 

2.0 

1.95 

2.3 

2.25 
2.25 
2.82 
4.5 
4.4 

4.7 
4.5 
4.4 
4.0 
3.7 


2t\ 3.25       3.8 

27 2.95       4.6 

28 :  2.75  I    3.9 

IN I  2.55    

:y) 2.5     

31 2.7      


3.6 
3.15 
2.9 

2.  as 

2.75 


I 


3.0 
3.0 

3.1 

3.15 

3.0 

ao 

2.8 

2.7 
2.6 
2.5 
2.4 
2.5 

2.8 

ai 

2.8 
2.7 

ao 

a  5 
ai 
ao 

2.8 
2.9 
5.1 


a7 
as 
a3 
a3 


May.    June.  '  July.     Aug.     Sept.     Oct.  '  Nov.    Dec. 


2. 75  I  a  4 
2.9  I  a 4 
2.95  I  a  3 


a  4 

a2 

ao 
ao 

2.9  I 

ao  ' 

2.9 

I 

ai 

2.9 
2.9 

ao 
a2 

a4 

"'•3.6"  i 

as  I 

a4  I 

I 

ao  I 

a2  :. 
a  3 

a2  : 

ai  I 


2.7 


as 

4.7 
4.4 

a  9 


ai 
a2 
ai 
a  2 
a3 

a  2 
a  2 
ai 
a  2 
a  4 

a  3 
ai 

2.9 

ao 
a  2 

2.9 

ao 

2.8 
2.7 


a  8 
a  7 
a  6 
a  6 
a4 

as 
as 
a2 
a  7 
as 

as 
a3 
a2 
a  I 

2.9 

ao 

2.9 

2.8 
2,8 
2.75 


2.7  '  2.7  '  2.2 

ao  I  2.6  I  2.1 

2.9  '  2.5  I  2.0 

2.7  .  2-4  2.0 

2.6  2.3  I  2.0 


2. 35 
2.4 
2.3 
2.3 

2.2 


1.9 

1.9 
1.7 
1.8 
1.7 

1.7 


2.1 
2.5 
2.5 
2.5 
2.6 

2.5 
2.4 
2.4 
2.4 
2.3 

2.4  i 

2.3  I 

2.2  ! 

2.2  j 

2.3  I 

2.3 
2.2 
2.2 
2.1 
2.1 


1.6 
1.6 
1.5 
1.5 
1.3 


1.05 

1.05 

1.05 

1.1 

1.1 


1.1 
1.1 
1.1 
1.1 
1.1 


1.2 

1.2 

1.3 

1.55 

1.7 


1.45 

1.5 

1.4 

1.4 

1.4 


l.S 

1.1 

1.1 

1.75 

1.55 

1.3 

1.1 

1.1 

2.0 

1.7 

1.3 

1.1 

1.1 

1.95 

2.75 

1.2 

1.1 

1.1 

1.8 

2.15 

1.3 

1.1 

1.1 

1.G5 

2.1 

1.2 

1.1 

l.l 

1.    1.35 

2.05 

1.2 

1.1 

1.1 

1.3 

2.1 

1.25 

1.2 

1.1 

i.as 

2.2 

1.3 

1.4 

1.1 

1.4 

2.0 

1.2 

1.5 

1.2 

1.45 

2.2 

1.25 

1.45 

i.a5 

2.1 

2.7 

1.2 

1.25 

1.5 

2.15 

2.25 

1.2 

1.2 

1.5 

2. 05 

2.15 

1.2 

1.2 

1.35 

1.7 

2.2 

1.2 

1.2 

1.2 

1.5 

2.45 

1.2 

1.2 

1.2 

1.<k5 

2.4 

1.2 

1.15 

1.2 

1.7 

2.2 

1.2 

1.1 

1.2 

l-.V) 

2.25 

1.2 

1.1 

1.25 

1.4 

2.4 

1.2 

1.1 

1.3 

1.4 

as 

1.2 

1.1 

i.a^ 

l.a") 

4.75 

1.2 

1.1 

1.3 

1.4 

3.4 

1.2 

1.1 

1.2 

1.  3.-) 

2.95 

1.2 

1.1 

1.2 

L.T) 

2.95 

1.05 

1.1 

1.2 

i.:j5 

3.15 

1.1 

1.2 

2.9 

I 


Rating  table  for  Rogue  River  near  Tolo,  Oreg.,for  ]U()o-(;. 


\    Ctflge 

Dis- 

'  Gage 

Dis- 

(Jago 

Dis- 

Gage 

Dis- 

(J.igo 

Dis-     ! 

1  height. 

charge. 

height. 

charge. 

height. 

charge. 

height. 

charge. 

h.'iKhl. 

chargo. 

!    Feet. 

Sec.-ft. 

Fret. 

Sec.'ft. 

Feei. 

Sec  -it. 

'    F(ft. 

Src.-ff. 

Ft  ft. 

Sf(  .-It. 

1     1.00 

1,200 

200 

2.Ui0 

3  (X) 

S.SJiO 

,     4  (N) 

(').(Ni() 

li  00 

ll.lfJO 

1.10 

1,270 

2.10 

2,330 

'    3.10 

4.  ();'.() 

i     4  20 

T).  4S(> 

'     (•»  20 

ll.<«00 

1.20 

1,340 

2.20 

2, 4.7) 

'    a  20 

4.2;i() 

4.40 

(■>.'.»N> 

'     0  40 

12.  ISO 

'     1.30 

1,420 

1    2  30 

2.  tiOO 

3.:«) 

4. 440 

4.fK) 

7.4'M) 

It  Ul 

13.(H.0 

1.40 

1.500 

1    2.40 

2. 7<iO 

a  40 

4..i.V) 

4.  SO 

8,010 

(1.  M) 

KlMiO 

■     1.50 

1,.590 

2.50 

2.9;w 

a  50 

4.S70 

5.  <K) 

S..-.10 

7.00 

W.'Hi) 

i.eo 

I  AW 

2.()0 

3,100 

atio 

S.O*.*) 

5  20 

<»  os() 

S  (K) 

17.2S0 

1.70 

1,800 

2  70 

3.'2S0 

3  70 

5.:uo 

5.40 

<».  t._»0 

9  (M) 

2o.r^io    ' 

1.80 

1.910 

■     2.80 

3.  4m 

3  80 

5.  ,>4;) 

.5  «i<» 

10.  In) 

10. (K» 

•S.^.Ki) 

1.90 

2,030 

2.90 

3,640 

a  90 

5,770 

b.m 

10.740 

11.00 

27.;i(H) 

Note. — The  above  table  Is  applicable  only  for  op-n-channpl  coiiditions.    It  is  bas('(l  <m  k  flL-soharge 
measurements  made  during  1905-6  and  is  fairly  well  delinod  1h'1(»w  gage  lu'ight  4  fiM't. 
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SURFACE    WATER   SUPPLY,    1906. 


MonlKty  discharge  of  Rogue  River  near  TolOj  Oreg.^for  1905-1906, 
[Drainage  area,  2,020  square  miles.] 


Discharge  in  second 

-feet. 
Mean. 

1,300 
1,390 
1,370 
1,490 

ToUl  in 
acre-feet. 

Run-off. 

Month. 

1 
Maximum.   Minimum. 

1,600             1.240 
1,690  i            1,300 
l.!m  1            1.340 
1,930  1            1,320 

Sec.-ft.  per 
sq.  mile. 

Depth  in 
inches. 

1905. 
September 

77,400 
85,500 
81,500 
91,600 

0.644 

.688 
.678 
.738 

0.71S 

October 

.793 

Novemlier..  . 

7,V» 

December 

.K.il 

The  period 

336,000 

1906. 
January . .  .* 

i 

27,800  1            1,480 
7,750              2,090 
8.810              2.760 
7,060              3'640 

4,000 
4,040 
3,840 
4,370 
4,220 
3,840 
2,440 
1,390 
1,310 
1,340 
1,680 
2,820 

246,000 
224,000 
236,000 
260,000 
259,000 
228,000 
150,000 
85,500 
78.000 
.  82,400 
100,000 
173.000 

1.98 
2.00 
1.90 
2.16 
2.09 
1.90 
1.21 
.688 
.648 
.663 
.832 
1.40 

2.28 

February 

2.08 

March..'. 

2.  19 

April 

2.41 

Ky 

7,760 
5,540 
3,100 
1,690 
1,590 
1,590 
2,. 380 
7,880 

3,100 
2,450 
1,800 
1.230 
1,230 
1,270 
1,340 
1.500 

2.41 

Jane 

2.12 

Jnly 

1.40 

August 

.79 

September 

October 

7(i 

November 

.9^i 

Dooeml)er 

1  ()1 

The  yea  r 

27,800              1-2.'«) 

2,940 

2,120,000 

1.46 

19.70 

Note.— Discharges  have  been  interpolated  for  days  when  gage  was  not  read.    Values  for  1905-19O<i 
aro  rated  good. 

ROGUE    RIVER    NEAR   GALICE,    OREG. 

This  station  was  established  May  29,  1906.  It  is  located  at  the 
Jerry  on  the  Mertin-Galice  road  in  sec,  9,  T.  35  S.,  R.  7  W.  The  gage 
is  an  inclined  staff  on  the  left  bank. 

Gage  heights,  discharge  measurements,  and  monthly  discharges 
have  been  furnished  by  Charles  Oilman  Hyde,  University  of  Cali- 
fornia, Berkeley,  Cal. 

Discharge  measurements  of  Rogue  River  near  Galice,  Oreg.,  in  1906. 


Date. 

Ilydrographer. 

Gage           Dis- 
heignt.      charge. 

Mav  Hi 

1 
...    C.  G.  Hvde 

Feet.        Sec.-ft. 
6. 5            4. 170 

August  6... 

do.* 

4.5            1.400 
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NEHALEM    RIVER    DRAINAGE    BASIN. 
Daily  gage  height  of  Rogue  River  at  Galice,  Oregon,  for  1906. 
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Day. 


May. 


1 7.5 

2 7.4 

3 ;  7.3 

4 7.6 

.> '  7.4 

?::::::::::::::::::::::::::::::::::::::::::::■  i.V 

S 7.1 

^» 7.7 

10 7.5 

11 ' i  7.3 

12 1  7.5 

13 1  7.2 

14 7.0 

15 6. 8 

Iti 7.2 

17 6.9 

IS 6.7 

19 6.5 

21) ^  6.4 

21 6.3 

22 6.2 

23 6.1 

24 6.1 

2o 6.0 

'2*\ 5.9 

27 5.9 

•2H , 5.8 

'*♦ 9.0  5.7 

W 8.6  5.6 

31 8.5    


July. 

Aug. 

5.6 

4.5 

5.5 

4,5 

5.5 

4.5 

5.4 

4.5 

5.4 

4.5 

5.3 

4.5 

5.3 

4.5 

5.2 

4.5 

.5. 15 

4.5 

5.05 

4.4 

5.0 

4.4 

5.0 

4.4 

4.9 

4.4 

4.9 

4.4 

4.9 

4.4 

1       4.9 

4.4 

1       4.8 

4.4 

1       4.8 

4.4 

4.8 

4.4 

4.7 

4.4 

Sept.       Oct. 


4.7 
4.7 
4.7 
4.7 
4.6 

4.6 
4.6 
4.5 
4.5 
4.5 
4.5 


4.4 

4.4  1 
4.4 
4.4 
4.4 

4.4 
4.4 
4.4 
4.4 
4  4 
4.4 


4.35 
4.35 
4.3."> 
4.35 
4.  :jo 

4,35  ' 

4.3  I 
4.25  I 

4.4  i 

4.5  t 

4.4 

4.35  , 

4.5  I 
4.7 

4.6  I 

4.5  ! 
4.5  ! 
4.5  , 
4.4  ' 
4.4    ! 

4.5 
4.5 
4.4 
4.4 
4.4 

4.4 
4.4 
4.4    , 

4  3 
4.3 


4.4 
4.4 
4.4 
4.1 
4.4 

4.:}5 

4.  S.-) 
4.35 
4.3 
4.3.'-. 

4.35 
4. 3.) 
4.35 
4.3.5 
4.4 

4.4 
4.5 
4.5    i 
4.5    I 
4.5    I 


Nov.       Dec. 


4.35  I 

4.4  I 

4.5  I 

4.6  ■ 
4.85 

4. 75 

4.(i5  ' 
5.8    i 
5.0 
4.8    I 

4.8    \ 
4.8    i 
4.75 
4.75 
5.0 

5.85 

6.8,5 

5.8 

5.5 

5.0 


I 


4.5 

5.0 

4.5 

5.2 

4.45 

5.0 

4.45 

5.0 

4.45 

4.9 

4.4 

4.9 

4.4 

4.8 

4.4 

4.7 

4  3.5 

4.7 

4.  .■i5 

4.6 

4.35 

Monthly  discharge  of  Rogue  River  near  Galice ^  Greg.,  in  1906. 


4.6 
4.6 
4.5 
4.5 
4.6 

5.3 
5.8 
6.3 
6.1 
6.0 

5.8 
5.6 
5.5 
5.4 
5.8 

6.8 
6.2 
5.7 
5.5 
5w7 

6.0 
5.7 
5.6 
5.6 
6.7 

9.8 
8.1 
7.0 
6.8 
7,5 
7.0 


Month. 


.Tune 

July 

August 

.September. 

October 

November. 
Decern  l)er.. 


Discharge  In  second-feet. 


Maximum     Minimum.      Mean. 


6,250 
2,700 
1,400 
1.600 
1.400 
3. 12,5 
9.  y.50 


2,700 
1.400 
1.3.50 
1.225 
1.300 
1..300 
1.400 


4,700 
1.800 
1,:500 
1 .  350 
1,3.50 
1 .  K50 
3.. '150 


Total  in 
acre- feet. 


The  period. 


280,000 
111,000 
S3, 600 
80,300 
83,000 
110,000 
206.000 

0.54,000 


NEHAIiEM  RIVER  JDRAINAGE  BASIN. 

NEHALEM    RIVER   AT   FISHHAWK,  OREG. 

This  station  is  located  at  Fishhawk  post-office,  below  the  mouth  of 
Fishhawk  Creek.  The  bed  of  the  stream  is  of  clean  sand,  liable  to 
shift.  Measurements  are  made  from  a  cable  and  car.  The  gage  rod 
is  a  2  by  8  inch  timber  in  four  sections.  The  bench  mark  is  the  top 
of  three  spikes  driven  in  the  upper  side  of  a  cedar  stump  about  50 
feet  above  the  cable  on  the  left  bank;  elevation,  23.69  feet  above  the 
datum  of  the  gage.     No  gage  heights  were  observed  during  1906. 
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SURFACE   WATER   SUPPLY,   1906. 


Discharge  vieasurcnients  of  NehaUm  River  al  Fishhawk,  Or  eg.,  in  1906. 
Hydrographer. 


Date. 


April  18 L.R.  Allen. 

Aprill9 i do 

May21 1 do 

August  1 do 


I 


Width. 


Area  of  \     Q\ 


section.  |  heigl 


aee 
Ight. 


Dis- 
charge. 


Feet. 
59  t 
59  ' 
59  . 

55  I 


I.  ft. 

Feet. 

Sec.-ft. 

316  1 

1.02 

3S6 

203 

.93 

3t>4 

284 

.52  . 

310 

179  1 

.24  1 

10-2 

MISCELLANEOUS  MEASUREMENTS. 


The  following  miscellaneous  measurements  were  made  in  North 
Pacific  Ocean  drainage  in  1906: 

Miscellanemis  measurements  in  North  Pacific  Ocean  drainage  in  1906. 


Diito. 


I 


I^xjallty. 


August  5 '  Antelope  Creek . 

Augusts.. 
August  5 . . 
August  6.. 

August  7 . . 
August  "».. 
August  0.. 
August  13. 

August  7.. 


Applegato  Creek 

Big  Butte  Cret>k 

Condor  Water  and  Power 
Co.'s  canal. 

Elk  Creek 

Little  Butte  Creek 

Rogue  River 

Siuslaw  River 


Trail  Creek . 


Eagle  Point 

Ruch 

Sec.  14,  T.  34S..  R.  1  E 

Prospect,  200  feet  below  dam 


Sec.31,  T.  33S.,  R.  1  W 

Eagle  Point 

Prospect,  below  dam 

Below  Walton  Creek,  sec.  16, 

T.  18  S.,  R.  8  W. 
Mouth 


Width 


I  Area  of '    Dis- 
section,  charge. 


Feet.   '   Sq.ft.     Sec- ft. 


41  I 

102  ' 

14 

2.5  I 

36  ' 

53  , 
107 


,-l 


291 
36 

20 

42 

289 

127 


0 
110 
IJM 
74 

9.1 
4.S 

44o 

131 
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A.  Page. 

Acknowledgments 16-17 

AciTvfoot,  definition  of 4 

Albany,  Orpg. 

Willamette  River  at: 

description l.SC 

discharge 157 

discharge,  monthly 158 

gage  heights 157 

rating  tables 157-158 

Allen,  L.  R.,  work  of 1 

Allen  ditch  at— 
Echo,  Oreg.: 

discharge 133 

Antelope  Creek  at— 
£agle  Point,  Oreg.: 

discharge 192 

Applegate  Creok  at— 
•  Rtich,  Oreg.: 

discharge 192 

Arlington,  Oreg. 

Willow  Creek  near: 

description '. 134 

discharge 134 

discharge,  monthly 13.J 

gage  heights 135 

rating  table 135 

Asotin  Creek  near— 
Asotin,  Wash. 

description 118 

discharge 118,121 

discharge,  monthly 119 

gage  heights 118 

rating  table 119 

Atanum,  Wash. 
Shaw  ditch  near: 

discharge 70 

Stair  ditch  near: 

discharge 70 

Atanum  Creek  near— 
Tampico,  Wash.: 

discharge (>5 

B. 
Baker,  Wash. 
creeks  near: 

discharge 181 

Baker  River  near- 
Baker,  Wash.: 

discharge 181 

Barton,  Oreg. 

Clackamas  River  near: 

description 174 

discbarge 174 

diachaige,  monthly 175 


Barton,  Oreg.— Continued.  Page. 

Clackamas  River  near—Continued. 

'   gage  heights 174-175 

rating  table 175 

Bear  Creek  near— 
Wallowa,  Oreg.: 

discharge 121 

Beitle  ditch  near- 
Ilermiston,  On»g. 

discharge 133 

Bend,  Oreg. 

Central  Oregon  canal  near: 

description 146 

discharge 146 

discharge,  monthly 147 

gage  heights 146 

rating  table 146 

I  Deschutes  River  near: 

description 141 

discharge 141 

I  Deschutes    Irrigation    &    Power   Com- 

'  pany's  flume  at: 

I  discharge* 154 

i  l*ilot  Butto  canal  noar: 

i  description 146 

discharge 147 

i  discharge,  monthly 149 

gage  heights 147 

rating  table 148 

Swalley  canal  at: 

discharge 154 

Tumiilo  Creek  near: 

description 149-150 

discharge 150 

gage  heights  150 

Big  Butte  Creek  in— 
T.34S.,  R.  1  E.: 

discharge 178 

Big  Lost  River  near 
Chilly,  Idaho: 

description 87 

discharge 87 

discharge,  monthly 88 

gage  heights 87 

rating  table , 87 

Mackay,  Idaho: 

description « 85 

discharge 85 

discharge,  monthly 86 

gjige  heights 80 

rating  table 80 

Big  Wood  River  near  — 
Shoshone^  Idaho: 

description 88 

discharge 88 

193 
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Big  WofKl  River  near— Continued.  Page. 

Shoshone,  Idaho    Continued. 

disctiargc,  monthly 89 

gage  heights 88 

rating  table 89 

Biggs,  Oreg. 

Deschutes  River  near: 

description 141-142 

discharge 142 

discharge,  monthly 142 

gage  heights 142 

rating  tablo 142 

Blackfoot  River  near 
Presto,  Idaho: 

description M 

discharge 84 

discharge,  monthly 85 

gage  heights 84 

rating  table 85 

Boise  River,  seepage  investigations  on 94-97 

Boise  River  near— 
Boise,  Idaho: 

discharge 122 

Highland.  Idaho: 

description 93 

discharge 93 

discharge,  monthly 94 

gage  heights 93 

rating  table 94 

Bolster,  R.  II.,  work  of I 

Boulder  Creek  near  - 
Detroit,  Oreg.: 

discharge 176 

Breitcnbush  Creek,  mouth  of 
Santiam  River  near: 

discharge 177-178 

Breitenbush  Creek  near- 
Detroit,  Oreg.: 

discbarge 176 

Brockway,  Oreg. 

Cmpqua  River,  South  Fork,  near: 

description 186 

discharge 186 

di.<<charge,  monthly 188 

gage  h<5ights 187 

rating  table 187 

Brownell  canal  at— 
Henniston.  Oreg.: 

discharge 134 

Buffalo  River  near 
Elk,  Wyo.: 

description 82 

discharge 82 

gage  heights 83 

Buffalo  Kiver,  North  Fork,. at 

most  northerly  meadows,  Wyoming: 

discharge 122 

Bull  canal  at— 

EUcnsburg.  Wash.: 

discharge 70 

Bull  Run  Creek  near- 
Portland.  Oreg.: 

discharge 19 

Bully  Creek  at  and  above 
Vale,  Oreg.: 

description 103, 105 

discharge 103, 105 


r.    I 


Bully  Cre>ek  at  and  above -Continued.         Page. 
Vale,  Oreg.— Continued. 

discharge,  monthly m 

gage  heights I04 

rating  tables 104 

Bumping  River  near- 
Nile,  Wash.: 

description r*) 

discharge u) 

discharge,  monthly nl 

gage  heights «<! 

rating  table 61 

Burnt  River  near- 

Huntington,  Oreg.: 

discharge 122 

C. 
Cabin  Croek  near— 
Easton.  Wash.: 

discharge •'.6 

Cable  station,  figures  showing 11. 44 

Calapooia  Crt'ek  in— 
T.  12S.,  R.3  W.: 

discharge 176 

Canada  Creek  mouth.  Wash. 
Carbon  River  near: 

discharge ISl 

Canada  Creek  near- 
mouth:  . 

discharge* I'^l 

Canyon  Cmek  at— 

Canyon  City.  Oreg.:  , 

discharge 1-^7 

Carbon  River  at  and  near- 
Canada  Crtvk  mouth.  Wash.: 

dischargi* IM 

Fairfax,  Wash.: 

dischaiKf* 1  **! 

Cascade  canal  near- 
Thorp,  Wash.: 

discharge 70 

Cashmen*.  Wash. 

Wenache  Riv^erat: 

description 3<» 

discharge ^^ 

discharge,  monthly 4i) 

gage  heights 40 

rating  table 40 

Catherine  Civek  at— 
Union.  Oreg.: 

description 112 

discharge 112 

gage  heights Hi 

Cedar  Cnvk  near  — 
Mackay,  Idaho: 

discharge 122 

(Vdar  River  near— 
Ravensdale.  Wash.: 

description 1"^ 

discharge 1"^ 

discharge,  monthly 1>*^ 

gage  heights 179-1>*I) 

rating  table l^^ 

Central  Oregon  canal  near— 
Bend,  Oreg.:  - 

description H^ 

discharge 1^ 
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Central  Oregon  canal  near— Continued .        1  *ttgt». 
Bend,  Oreg.  -  Continued. 

dlKchargp.  monthly 147 

'  gagp  heights 146 

rating  table 146 

Chelan  River  at— 
Chelan,  Wash.: 

description 37-<W 

discharge 38 

discharge,  monthly 39 

gage  heights 38 

rating  table 38 

Chelan  River  basin: 

description 37 

Chenais  Creek  near- 
Carbon  Rlv-er,  Wash.: 

discharge 181 

Chilly.  Idaho. 

Big  Lost  River  near: 

description 87 

discharge 87 

discharge,  monthly 88 

gage  heights 87 

rating  table 87 

Clackamas  River  near- 
Barton.  Oreg.: 

description 174 

discharge IM 

discharge,  monthly 175 

gage  heights 174-175 

rating  table 175 

Clark  Fork  at  and  near— 
Orantsdale,  Mont.: 

description 20 

discharge 20 

discharge,  monthly 21 

gage  heights 21 

rating  table. 21 

Missoula,  Mont.: 

description 22 

discharge 22 

discharge,  monthly 23 

gage  heights 22 

rating  table 23 

Clark  Fork  basin: 

description 20 

Clealum,  Wash. 

Yakima  River  at: 

description 43 

discharge 43 

discbarge,  monthly 44 

gage  heights 43 

rating  table 43 

Clealum  Lake,  Wash. 
Clealum  River  near: 

discharge 66 

Clealum  River  near— 
Clealum  Lake,  Wash.: 

discharge ('»6 

Rofilyn,  Wash.: 

description 55 

discharge 55 

discharge,  monthly 56 

gage  heights 55 

rating  table : 5*} 

Columbia  Falls,  Mont. 
Flathead  River  at: 

discharge 30 


Columbia  River  near—  Page. 

Pasco,  Wash.: 

description 18 

gage  heights 19 

Columbia  River  basin: 

description 17-18 

miscellaneous  measurements 19 

Cohmibia  Southern  canal  near— 
Laidlaw.  Oreg.: 

description 151 

discharge 151 

discharge,  monthly 152 

gage  heights 151 

rating  table 152 

Computation,  methods  of i:viH 

,  Condor  Water  .and  Power  Co.'s  canal  at  — 
Prospect,  Oreg.: 

diacharge 192 

Cooperation,  acknowle<lgment  of l*i-ir 

Couse  Creek  near- 
Milton,  Oreg.: 

discharge 126 

'  Cowiche  canal  at  and  near— 
Cowiche,  Wash.: 

discharge 70 

Cowiche  Creek  near— 
Cowiche,  Wash.: 

discharge 66 

Crabtree  Creek  near- 
Thomas,  Oreg.: 

dl  sicharge 176 

Crescent  Creek  at— 

Crescent  Lake  outlet: 

discharge 164 

.  Crow  Creek  near— 
Ronan,  Mont.: 

j  description 25-26 

diacharge 26 

discharge,  monthly 27 

gage  heights 26 

rating  table 26 

Cupper,  P.  A.,  work  of 1 

I  Current  meters,  classes  of 10 

methods  of  using 10-11 

plate  showing 10 

Curves  (discharge,  area,  and  veloclty^  fig- 
ure showing 14 


D. 


Dalles.    See  The  DaUes. 

Definitions  of  terms  used 3-4 

Dell.  Oreg. 

Wiilow  Creek  near: 

description 106 

discharge 107 

discharge,  monthly 107 

gage  heights 107 

rating  table 107 

Deschutes  Irrigation  and  Power  Company's 
flume  near- 
Bend.  Oreg.: 

discharge 154 

Deschutes  River  at  and  near- 
Hen  d,  Oreg.: 

description 141 

discharge 141 
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Deschutes  River  at  and  near — Cont'd.         Page. 
Biggs,  Orcg.: 

description 141-142 

discharge 142 

dischaiige,  monthly 142 

gage  heights 142 

rating  table 142 

Lava,  Oreg.: 

description 138 

discharge 138 

discharge,  montliiy 139 

gage  heights 138-139 

rating  table 139 

Moro,  Oreg.: 

disclmrge 154 

Warm  Springs  Ferry: 

discharge 154 

West's  (B.  F.)  ranch: 

description 140 

discharge 140 

discharge,  monthly 141 

gage  heights 140 

rating  table 140 

DeRchutes  River  basin: 

description 138 

Deschutes  River,  East  Forlc  at— 
OdeU,  Oreg.: 

description 143 

discharge 143 

discharge,  monthly 144 

gage  heights 143 

rating  table 143 

Deschutes  River,  West  Forlc,  near- 
Lava,  Oreg.: 

description ; 144 

discharge 144 

disciiarge,  monthly 145 

gage  heights 144-145 

rating  tables 145 

Desolation  Creek  near— 
Rosiyn,  Wash.: 

discharge 66 

Detroit,  Oreg. 

Boulder  Creek  near: 

discharge 176 

Breitenbush  Creek  near: 

discharge 176 

Discharge,  measurement  and  computation 

of 13-16 

Drainage  basins,  list  of 2-3 

Dry  Creek  near- 
Milton,  Oreg.: 

disciiarge 126 

E. 
Eagle  Point,  Oreg. 
Antelope  Creek  at: 

discharge 192 

Little  Butt«  Creek  at: 

discharge 192 

Easton,  Wash. 

Cabin  Creek  near: 

discharge 06 

Kachess  Lake  near: 

description 53 

gage  heights 53 


Easton,  Wash. — Continued.  Page. 

Kachess  River  near: 

descri  pt  ion 53 

discharge 53 

discharge,  montWy 54 

gage  heights 54 

rating  table 54 

Silver  Creek  near: 

discharge («6 

Yakima  River  near: 

discharge 06 

Echo,  Oreg. 

Allen  ditch  at: 

discharge 133 

Hinkle  ditch  at: 

discharge 1 33 

Lisle  (Charles)  ditch  at: 

discharge 132 

Maxwell  ditch  at: 

discharge 134 

Mill  canal  at: 

discharge 132 

Pioneer  ditch  at: 

discharge 133 

Wilson  &  Co.'s  ditch  at: 

description 133 

Eightmile  Creek  at— 

The  Dalles,  Oreg.: 

discharge 19 

Elgin,  Oreg. 

Wallowa  River  near: 

description 116 

discharge 1 16 

discharge,  monthly 117 

gage  heights 117 

rating  table 117 

Elk,  Wyo. 

Buflalo  River  near: 

description 82 

discharge 82 

•  gage  heights ^3 

Elk  Creek  in— 

T.33S.,  R.  1  W.: 

discharge 192 

Elkton,  Oreg. 

Umpqua  River  at: 

description 183 

discharge 183 

gage  heights 183 

rating  table 184 

Ellensbuig,  Wash. 

Bull  canal  at: 

discharge 70 

Oisen  canal  at: 

dischaiige 70 

Town  canal  near: 

discharge 70 

Equivalents,  table  of 6-7 

F. 
Fairfax,  Wash. 

Carbon  River  at: 

discharge 181 

Fall  River  at— 

Fremont,  Idaho: 

description 76 

discharge 76 
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Fall  River  at— Continued.  Page. 

Fremont,  Idaho— Continued. 

dischaige,  monthly 77 

gage  heights 77 

rating  table 77 

Fanners  ditch  at— 
Tampico,  Wash.: 

discharge 70 

Fishhawk.  Oreg. 

Nehalem  River  at : 

description 191 

discharge 192 

Fivepoint  Creek  near— 
Hilgard.  Oreg.: 

discharge 121 

Flathead  River  (South  Fork)  at— 
Colombia  Falls,  Mont.: 

discharge 30 

FollHnsl)ee.  Robert,  work  of 1 

Forest.  Oreg. 

Crf>oked  River  near: 

discharge 154 

Fortune  canal  at— 

Fosters  ranch,  Wash.: 

description 70 

Foster,  Oreg. 

Middle  Fork  of  Santiam  River  near: 

discharge 177 

South  Fork  of  Santiam  River  at: 

discharge. 178 

Foster's  ranch,  Wash. 
Fortune  canal  at : 

discharge 70 

Fowler  canal  nei.r 

North  Yakima,  Wash.: 

discharge 70 

Frenaont,  Idaho. 
Fall  River  at: 

description 76 

discharge 76 

discharge,  monthly 77 

gage  heights 77 

rating  table 77 

G. 

Gaging  stations',  equipment  of 9-10 

location  of,  map  showing 2 

Galice,  Oreg. 

Rogue  River  near: 

description 190 

discharge 190 

discharge,  monthly 191 

gage  heights 191 

Gibbon,  Oreg. 

Meacbam  Creek  at: 

discharge ' 131 

Umatilla  River  near: 

description 12<5 

discharge. 127 

discharge,  monthly 127 

gage  heights 127 

rating  table 127 

Goshen.  Oreg. 

Coast  Fork  of  Willamette  River  near: 

description IfJO 

discharge 161 

discharge,  monthly 162 


Goshen,  Oreg.— Continued.  Page. 

Coast  Fork  of  Willamette  River  near- 
Con  tinned. 

gage  heights 161 

rating  table 161 

Grande  Ronde  River  near— 
Hilgard,  Oieg.: 

description 109 

discharge 110 

discharge,  monthly ill 

gage  heights 110 

rating  table Ill 

Zindel,  Wash.: 

description ill 

discharge Ill 

gage  heights 112 

(f  ranger  canal  near- 
North  Yakima,  Wash.: 

discharge 70 

Grantsdale,  Mont. 

Clark  Fork  at  and  near: 

description 20 

discharge 20 

discharge,  monthly 21 

gage  heights 21 

rating  table 21 

H. 

Hall,  R.M.,  workof i 

Hatch  canal  at— 

Toppenlsh,  Wash.: 

discharge 70 

Henshaw,  F.  F.,  work  of 1 

Ilonniston,  Oreg. 
Beltle  ditch  near: 

discharge 133 

B  rownell  canal  at : 

discharge 134 

llermiston  ditch  near: 

discharge 133 

Minnehaha  Spring  near: 

discharge 131 

Highland,  Idaho. 
Boise  River  near: 

description 93 

discharge 93 

discharge,  monthly 94 

gage  heights 93 

rating  table 94 

Hilgard.  Oreg. 

Fivepoint  Creek  near: 

discharge 121 

Grande  Ronde  River^at: 

description 109 

discharge no 

dischai^e,  monthly ill 

gage  heights llO 

rating  table ill 

Hinkle  ditch  at— 
£k;ho,  Oreg.: 

discharge 133 

Homedale,  Idaho. 
Succor  Crw»k  near: 

description 89 

discharge 90 

discharge  monthly 91 

gage  heights 90 

rating  table 90 
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Hood  River  at—  Page. 

WinansCity,  Oreg.: 

description 154 

discharge 154 

discharge,  monthly 156 

gage  heights 166 

rating  table 155 

Hooper,  Wash. 

Palouse  River  at: 

description 1 19-120 

discharge,  monthly 121 

gage  heights 120 

rating  table 120 

Horseshoe  Bend,  Idaho. 
Payette  River  near: 

description 97 

discharge 97 

discharge,  monthly 98 

gage  heights 97-98 

rathig  table 98 

Horseshoe  Irrigation  Company's  ditch  at— 
Yoakum,  Oreg.: 

discharge 1 32 

Ho}'!,  J.  C,  worlc  in  charge  of I 

Hubbard  canal  at— 

North  Yalcima,  Wash.: 

discharge 70 

Huntington,  Oreg. 
Burnt  River  near: 

discharge 122 

Hydrographic   surveys,   oiganization   and 

scope  of 2 

I. 
Ice-covered  streams,  measuppinent  of 13 

J. 
Jasper,  Oreg. 

Middle  Korlc  of  Willamette  River  at : 

description 158 

discharge 159 

discharge  monthly 160 

gage  heights 159 

rating  table hW 

Jefferson,  Oreg. 

Santlam  River  at 

di.  charge 177 

Joclco  River  at  - 
Ravalli,  Mont.: 

description 2i»-.'«) 

discharge ?0 

gage  heights 30 

John  Day  River  at - 

junction  with  South  Fork  (^f  Simke.  Wy- 
oming: 

discharge 122 

McDonald,  Oreg.: 

description 1.35-136 

discharge 136 

discharge,  monthly 137 

gage  heights 136 

rating  table 137 

Johnson  rre<?knenr— 
Riverside,  Wash.: 

dowriptlon 3:i-34 

discharge,  daily 34-35 

discharge,  monthly 35 


Joseph,  Oreg.  Page. 
Wallowa  River  at: 

description 113 

discharge 113 

discharge,  raontWy 114 

gago  heights 114 

rating  Uible 114 

Junction  City,  Oreg. 

Long  Tom  Creek  neur: 

discharge 176 

K. 
Kachess  Lake 

tributaries  of: 

dischaige tM 

Kulis|K*ll,  Mont. 

Stillwater  River  near: 

description 23-24 

discharge 24 

discharge,  monthly 24 

gage  heights 24 

rating  table 24 

Whitcflsh  River  near: 

des(»ription 25 

discharge 25 

gago  heights 2.'» 

Keechelu.s  Lake 

ne4ir  Martin,  Wash. : 

description 52 

gago  heights 52 

trilmtaries  of: 

discharge tlS 

Kiona,  Wash. 

Yakima  River  nwir: 

description 49 

discharge 40 

discharge,  monthly 41^-50 

gage  heights .jO 

rating  table 50 

L, 

La  Rue,  E.  C,  workof 1 

Laidiaw,  Oreg. 

Columbia  Southern  canal  near: 

description 151 

discharge l.**! 

discharge,  monthly I.j2 

gage  heights 151 

rating  table l.>2 

Tumalo  Creek  near: 

description 148 

discharge 14s 

dischaige,  monthly 149 

gage  heights 149 

rating  table 149 

Wymer  canal  near:  * 

description l.iO 

discharge 150 

gage  heights 151 

Lande^d,  William,  work  of 1 

Lava,  Oreg. 

Deschutes  River  near: 

description - 138 

dl.scharge 138 

discharge,  monthly 139 

gage  heights '. . .  138-139 

rating  table 139 
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Lava,  Oreg.— Contlnaed.  Page. 

West  Fork  of  Deschuttut  River  near: 

description 144 

discharge 144 

dischazge,  monthly 145 

gage  heights 144-145 

rating  tables 145 

L<.'u-iii,  J.  II.,  cooperation  of 1, 16 

Lisl*.'  (Charles)  ditch  at— 
Echo,  Or^.: 

discharge ?". 132 

UUW.  Butte  Creek  at— 
Eagle  Point,  Oreg.: 

discharge 192 

Long  Tom  Creek  near- 
Junction  City,  Oreg.: 

dischaige 170 

Los  Angeles,  Cal.,  current-meter  rating  sta- 
tion at.  view  of 10 

Lovely,  Oreg. 

Minam  Creek  near: 

discharge 121 

Wallowa  River  near: 

discharge 122 

Luckiamute  River  near— 
Suver,  Oreg.: 

description 168 

discharge 168 

discharge,  montldy 170 

gage  heights 169 

rating  table 169 

Lyon,  Idaho. 

South  Fork  of  Snake  River  near: 

description 81 

discharge 81 

discharge,  monthly 82 

gage  heights 81 

rating  table 82 

M. 

McAllister  ditch  at— 
Sisters,  Oreg.: 

discharge 154 

McDonald,  Oreg. 

John  Day  River  at: 

description 135-136 

discharge 136 

discharge,  monthly 137 

gage  heights 136 

rating  table 137 

McGlashan,  II.  D.,  work  of 1 

McKenne  11  iver  near- 
Springfield,  Oreg.: 

description 162 

discharge 162 

discharge,  monthly 164 

gage  heights 163 

rating  tabic 163 

Mackay,  Idaho. 

Big  Lost  River  near: 

description 8.5 

discharge ST) 

discharge,  monthly 86 

gage  heights 86 

rating  table 86 

Cedar  Creek  near: 

discharge 122 


Malheur,  Oreg.  Page. 

Willow  Creek  near: 

description 105 

discharge iftj 

discharge,  monthly 106 

gage  heights 106 

rating  taMe 106 

Malheur  River  at  and  near- 
McLaughlin  Bridge,  near  Vale,  Oreg.: 

description 99 

discharge 99 

discharge,  monthly 100 

gage  heights 99 

rating  table 100 

Vale,  Oreg.: 

description 101 

discharge 101 

discharge,  monthly 102 

gage  heights 101 

rating  tables 102 

Mahleur  River,  Middle  Fork,  at- 

Riverside,  Oreg.: 

description 102 

discharge 102 

gage  heights 103 

Malott,  Wash. 

Salmon  Creek  near: 

description dS 

gage  heights 33 

Martin,  Wash. 

Lake  Keechclus  near: 

description 52 

gage  heights 52 

Yakima  River  near: 

description •!! 

discharge 41 

discharge,  monthly 42 

gage  heights 42 

rating  tuMo 42 

Marys  Creek  near— 

Philamath,  Oreg.: 

dlschai-go 176 

Maxwell  ditch  at- 

Echo,  Oreg.: 

discharge 134 

Meacham  Creek  at— 

Gibbon,  Orog.: 

discharge l.'U 

Mehama,  Oreg. 

north  fork  of  North  Fork  of   SHntiam 
River  near: 
discharge 177 

North  Fork  of  Santiam  River  at: 

description 1G4 

discharge 1G4 

discharge,  monthly KH) 

gage  heights inS 

ratinj?  ta])le 1G5 

Methow  River  near- 

Pat42ro.s.  Wash.: 

description .S6 

discharge 30 

discharge,  monthly 37 

gage  hei.jlith ?A\ 

rating  table 37 

Methow  River  basin: 

description 3G 
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Mill  canal  at—  '  Page.   | 

Echo,  Oieg.: 

dischaiige... 132 

Mllnfir  dam,  Wash. 
Snake  River  near: 

description 75 

discharge 75 

Milton,  Oreg. 

Couse  Creek  near: 

discharge 126 

Dry  Crc(?k  near: 

discharge 126 

Walla  Walla  River  at  and  near: 

description 123 

dischargt^ 123,126 

disctiarge,  monthly 124 

gage  heights 123-124 

Walla  Walla  River,  South  Fork,  near: 

description 124-125 

discharge 125, 126 

gage  heights 125 

Minam  Creek  near- 
Lovely,  Oreg.: 

discharge 121 

Miner's  inch,  definition  of 4 

Minidoka,  Idaho. 

Snake  River  near: 

description 73 

discharge 73 

discharge,  monthly 74 

gage  heights 74 

rating  table 74 

Minnehaha  Spring  near— 

llermiston,  Oreg.: 

discharge 131 

Minto  Creek  in  — 

T.  11  S.,  R.  7  E.: 

discharge 170 

Mission  Creek  near— 

St.  Ignatius,  Mont.: 

doscriplion 27 

dischurgo 27 

discharges  monthly 28 

gago  heights 27 

rating  Uiblc 28 

Missoula,  Mont. 

Clarks  Fork  at: 

descript  ion 22 

discharge 22 

discharge,  monthly 23 

gage  heights 22 

rating  table 23 

Mohawk  River  near— 

Mohawk,  Oreg.: 

discharge 17<j 

Molaila  River  near— 

Molalla,  Oreg.: 

description 170 

discharge 170 

discharge,  monthly 172 

gage  heights 171 

rating  ta])le 171 

Moran,  Wyo. 

Pacific  CnM>k  ne^ir— 

description 83 

discharge 83 

gage  heights 83 


Moran,  Wyo.— Continued.  Page. 

South  Fork  of  Snake  River  near: 

description 79 

discharge 79 

discharge,  monthly ?;« 

gage  heights 80 

rating  table M) 

Moro,  Oreg. 

Deschutes  River  at: 

discharge 134 

Moxee  canal  near- 
North  Yakima,  Wash.: 

discharge 70 

Multiple-point  method   6f  measuring  dis- 
charge, description  of 11-12 

Mud  Creek  near— 
Ronan,  Mont.: 

discharge .30 

Muldrow,  W.  C.work  of 1 

N. 

Naches  River  near- 
Nile: 

description .>> 

discharge 57 

discharge,  monthly 5>t 

gage  heights 57 

rating  table 57 

North  Yak-ima: 

description r>S 

discharge o>» 

discharge,  monthly ' lO 

gage  heights .>♦ 

rating  tal)les 59 

Natchez,  Wash. 

Oak  Crock  near: 

discharge ♦« 

Selah  Valley  canal  at: 

discharge 70 

Tieton  River  at  headworks  near: 

description eil 

discharge <;i 

gage  h<'ights u'2 

Tieton  River  near: ^ 

description u'2 

discharge 02 

discharge,  monthly «V4 

gage  heights v<3 

rating  tallies rKM'>4 

Necley,  Idaho. 

Snake  River  at: 

deseripl  ion 7ti 

gage  heights 70 

Nehalem  River  at— 

Fishhawk,  Oreg.: 

description 101 

discharge 102 

New  Reservation  canal  near— 

Yakima,  Wash.: 

description 0?^ 

discharge <is 

gage  heights i\s 

Nile,  Wash. 

Bumping  River  near: 

description TO 

discharge (<0 

discharge,  monthly 61 

gage  heights 60 

rating  tal)lc 61 
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NUe.  Wa«h.-<'ontlnued.  Page. 

Nadies  River  near:  * 

description 56 

discharge 57 

discharge,  monthly 58 

gageheights 57 

rating  table 67 

Nolin,  Oreg. 

Sluaher  is.  Gould  canal  at: 

disehaige 132 

North  Yaldma,  Wash. 

Fowler  canal  near: 

discfaarge 70 

G  ranger  canal  near: 

discharge 70 

Hubbard  canal  at: 

disehaige 70 

Moxee  canal  near: 

discharge 70 

Naches  River  near: 

description 58 

di  scharge 58 

discharge,  monthly 60 

gage  heights 59 

rating  table 50 

Old  Union  canal  at: 

discharge 70 

Union  canal  near: 

description 70 

Union  Gap  canal  at: 

discharge 70 

Wapaton  canal  at: 

description 70 

Northern  Pacific  Ocean  basin: 

description 181 

O. 
Oak  Creek  near- 
Natchez,  Wash.: 

discharge 66 

Oukcrerk,  Oreg. 

North  Fork  of  Umpqua  River  near: 

description 184 

discharge 184 

discharge,  monthly ISC 

gflge  heights 185 

rating  table 185 

Oakos,  I.E.,  work  of 1 

Ochoco  Creek  at— 
Prinp\'ille,  Oreg.: 

discharge 154 

Odell,  Ori-g. 

East  Fork  of  Deschutes  River  at: 

description 143 

disehaige 143 

discharge,  monthly 144 

gage  heights 143 

rating  table 143 

Okanogan  River  basin: 

description 33-33 

C>1«1  re.«tervation  canal  near— 
Wapato,  Wash.: 

description 68-09 

discharge 60 

discharge,  monthly 70 

gage  heights 69 

rating  table 69 


Old  Union  canal  at—  Page. 

North  Yakima,  Wash.: 

discharge 70 

Olsen  canal  at— 

Ellensburg,  Wash.: 

discharge 70 

Ora,  Idaho. 

North  Fork  of  Snake  River  near: 

description 72 

discharge 72 

discharge,  monthly 73 

gage  heights 72 

rating  table 73 

Or^on,  cooperation  with 1(>-17 

Oregon  Land  and  Water  Company's  ditch 
at^ 
Umatilla,  Greg.: 

disc*harge 133 

Owyhee  Hivcr,  Greg, 
near  Owyhee: 

description 91 

discharge 91 

discharge,  monthly 92 

gage  heights 9 1-92 

rating  table 92 

P. 
Pacific  Creek  near- 
Mo  ran,  Wyo.: 

description K3 

discharge s:i 

gage  heights ><3 

Padgett,  II.  D.,  work  of 1 

Palouse  River  near — 
Hooper,  Wash.: 

description 119-120 

discharge,  monthly 121 

gage  "heights \'2X) 

rating  table 120 

Pasco,  Wash. 

Columl)ia  River  near: 

description IS 

puf^p  heights 10 

Pateros.  Wush. 

Metliow  River  near: 

description 30 

disdia  rge 3r» 

dischar^'C.  monthly 37 

gage  hcigJits 36 

rating  table 37 

Payette  River  near— 

Horseshr)e  Hcnd,  Malio: 

description 07 

dlscha  rpo 07 

discliar^'e,  monthly Os 

gage  hoigiits 07  Os 

rating'  table OS 

Pendleton,  Oreg. 

Umatilla  River  near: 

description 132 

Wild  Horse  Creole  near: 

(lischa  rge ^ .      1  ;U 

Permelia  Crceic  in— 
T.  10  S.,  R.  7  E.: 

discharge 176 

Philamath.  Oreg. 

Marys  Creeic  near — 

discha  rge 176 
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Pilot  Butte  Canal  near—  Page. 

Bend,  Oreg.: 

description 146 

discharge 147 

discharge,  monthly 149 

gage  heights 147 

rating  table 148 

Pioneer  ditch  at— 
Echo,  Oreg.: 

discharge 133 

Polerreelt  at— 
Sisters,  Oreg.: 

dischai¥;e 154 

Post  Creek  near— 

St.  Ignatius,  Mont.: 

description 28 

discharge 28 

discharge,  monthly 29 

gage  heights 29 

rating  table 29 

Powder  River  at— 
Salisbury,  Oreg.: 

description 108 

discharge 108 

discharge,  monthly 109 

gage  heights 108 

rating  tables 109 

Presto,  Idaho, 

Blackfoot  River  near: 

description 84 

discharge 84 

discharge,  monthly 8r» 

gage  heights 84 

rating  table 85 

Price  current  meter,  views  of 10 

Princville,  Oreg. 
Ochoto  Cnok  at: 

discharge 154 

Prospect.  Orog. 

Condor  Water  and  Power  Co.'s  canal:  | 

disrhnrgp 192  i 

Rogue  River  at:  { 

discharge* 192 

Prossor,  Wash. 

Prosscr  canal  at: 

discharge 70 

Yakima  River  near: 

description 47 

disi  hargo -^7 

dis/harge,  monthly 48 

gage  heights ^8 

rating  table 48 

Prosser  canal  at— 
Prosser,  Wash.: 

disiharge 70 

Puget  Sound  basin- 
description  178 


R. 


Rating  tables,  construction  of 13-15 

Ravulli,  Mont. 

Jocko  River  near: 

description 29-30 

dis.  harge 30 

gage  heights 30 


Havensdaie,  Wash.  Page. 
Cedar  River  near: 

description 179 

dischaiige 17** 

discharge,  monthly In) 

gage  heights 179-lH) 

rating  table ISO 

Richland,  W^ash. 

Yakima  River  near: 

description 51, 06-fi7 

discharge 51 

discharge,  monthly 52 

gage  heights 51 

rating  table 51 

Riverside,  Wash. 

Johnson  Creek  near: 

description 33-34 

discharge,  dally 34-:t.5 

discharge,  monthly ;*."• 

Middle  Fork  of  Malheur  River  at: 

description 102 

discharge ia2 

Gage  heights ia3 

Roaring  Creek  in— 
T.  US.,  R.  7E.: 

discharge 1 77 

Rock  Creek  at— 
Rockcreek.Oreg.: 

dist^hai^ge 137 

Rogue  River  at  and  near— 
Galice,  Oreg.: 

description 190 

discharge 190 

discharge,  monthly 191 

gage  heights 191 

Prospect,  Oreg.: 

d  Ischarge 192 

Tolo.  Oreg.: 

description iss 

discharge ISS 

discharge,  monthly 190 

gage  heights 1S9 

ratmg  tal)lo 1>^ 

Ronan.  Mont. 

Crow  Creek  near: 

des(  ription 25-2f. 

discharge 2i'. 

discharge,  monthly 27 

gag"  heights 2f. 

rating  tal)le 2«i 

Mud  Creek  near: 

discharge W 

Rosljm,  Wash. 

Clealum  River  near: 

description 55 

discharge 55 

discharge,  monthly 56 

gage  heights 55 

rating  table .% 

Desolation  Creek  near: 

discharge 66 

Rucb,  Oreg. 

Applegatc  Creek  at: 

d  ischarge 192 

Run-off.  computation  of 13-16 

Run-off  in  Indies,  definition  of 4 
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Si.  Anthony,  Idaho. 
Telon  River  near: 

doacription 78 

disehai^ 78 

diaehargts  monthly 79 

gage  heights 78 

rating  table 79 

St.  Ignatius.  Mont. 
Mission  Creek  near: 

description 27 

discharge 27 

discharge,  monthly '2h 

gage  heights 27 

rating  table l\s 

Post  Creek  near: 

description 28 

discharge 28 

discharge,  monthly 29 

gage  heights 29 

rating  Ubic 20 

SaLishury.  Orpg. 

Powder  River  at: 

description .^ 108 

discharge 108 

discharge,  monthly ia> 

gage  heights 1C8 

rating  table 109 

Salmo'i  Cirek  near: 
Maiott.  Wash.: 

description 33 

gage  heights 33 

Salmon  River  post-office,  Oreg. 
Salmon  River  at: 

discharge 19 

Sandy  River  near: 

discharge 19 

Sandy  River  at  and  near- 
Salmon  River  post-offioe,  Oreg.: 

discharge 19 

Troutman,  Oreg.: 

discharge 10 

Santiaro  River  at— 
Jet.erson.  Oreg.: 

discharge 177 

Santlam  River,  Marion  Fork , in— 
T.  lis.,  R.7E.: 

dischaiige 177 

Santiam  River,  Middle  Fork,  near- 
Foster,  Oreg.: 

discharge 177 

Santiam   River,   North   Fork,  in,  at.  and 
near— 
Brpi  ten  bush  Creek  mouth: 

discharge 177-17H 

Mehama,  Oreg.: 

description 164 

discharge 164 

discharge,  monthly 166 

gage  heights 16,j 

rating  table l^r* 

T.  lOS.,  R.5E.: 

discharge 177 

T.  11  8..  R.  7  E.: 

discharge 1 7s 

Santiam  River,  north  fork  of  North  Fork, 
near— 
Mehama,  Orpg.: 

discharge 177 

8078-iRR  214--07 14 


Santiam  River,  South  Fork,  at  and  in  —       Page. 
Foster,  Oreg.: 

discharge 178 

T.  lis.,  R.  2  W.: 

discharge 178 

Waterloo,  Oreg.: 

description 166 

discharge 166 

dischai^,  monthly 168 

gage  heights , 167 

rating  table 167 

Withcorabe  Place.  On'g.: 

dischar^ 178 

Santiam  River,  Thomas  Fork,  at- 
Scio,  Oreg.: 

discharge 178 

Scio,  Oreg. 

Thomas  Fork  of  Santiam  River  at: 

discharge 178 

Second-feet  per  square  mile,  definition  of . . .  4 

Socond-foot,  definition  rf 4 

Selah  Valley  canal  at 
Natchez,  Wash.: 

description 70 

Shaw  ditch  near-  - 
.\tanum.  Wash.: 

discharge 70 

Sheridan,  Oreg. 

South  Fork  of  Yamhill  River  at: 

description 172 

discharge 173 

discharge,  monthly 174 

gage  heights 173 

rating  table 17J 

Shoshone,  Idaho. 

Big  Wood  River  near: 

description 88 

discharge 88 

dischai^e,  monthly 89 

gage  heights 88 

rating  table «) 

Shoshone  Fails,  Wash. 
Snake  River  near: 

description 75 

discharge 75 

Siletz  River  at— 
Siletz,  Oreg.: 

description 182 

discharge 182 

discharge,  monthly lx:J 

gage  heights 182 

ra  ting  table 1 83 

Silver  Creek  near— 
Easton,  Wash.: 

discharge (Hj 

Single-point  method  of  meHMi  ring  discharge, 

description  ot 12 

Sisters,  Oreg. 

McAllister  ditch  at: 

discharge IM 

Pole  Creek  at: 

discharge 154 

Squaw  Creek  near: 

description l.'>2 

discharge lo2 

discharge,  monthly l.Vi 

gape  heights I.kJ 

rating  table I'i3 
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Hiusluu'  River  near—  Page. 

Walton  Creek  mouth.  Oreg.: 

discharge 192 

Slope  method  of  measuring  dischai^e,  use 

and  value  of 7-8 

Slusher  &  Gould  canal  at 

Nolin,  Oreg.: 

discharge 132 

Snake  River  at.  between,  and  near— 

Milner  dam  and  Shoshone  Falls,  Wash.: 

description 75 

discharge 75 

Mmidoka: 

description 73 

discharge 73 

discharge,  monthlj- 74 

gage  heights 74 

rating  table 74 

Necley,  Idaho: 

description 76 

gage  heights 70 

Snake  River  basin : 

description 71-72 

Snake  River,  \orth  Fork,  near— 

Ora.  Idaho:  ^ 

description 72  i 

discharge 72  i 

discharge,  monthly 73 

gage  heights 72 

rating  tiible 73 

Snake  River,  South  Fork,  near— 

Lyon, Idaho: 

description 81   , 

discha  rpe 81   I 

discharge,  monthly 82  | 

gage  hcighUs 81   1 

rating  table 82 

Mo  ran,  Wyo.: 

description ^ 7^»  , 

discharge 7*»  '■ 

discharge,  monthly 80  ', 

gage  heights 80  | 

rating  table 80  , 

Snoqualmie  River  near— 

Snoqualmie  Falls,  Wash.; 

description 1 78 

gage  heights 179 

Spokane  Bridge,  Wash. 

Spokane  River  at: 

dischargo 

Spokane  River  at  — 

Spokane,  WH>h. : 

di'script  ion 

discharge 

discharge,  monthly 

gago  heights 

rating  table 

Spokane  Bridge: 

discharge 

Spokane  River  l>asiii: 

description 

SpringficM.  Oreg. 

Mcl\en/ie  River  near: 

description 162 

discharge 162 
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Springfield.  Oreg.— Continued.  Page. 

McKcnzie  River  near— Continued. 

discharge,  monthly ]; .4 

gage  heights Ui:? 

rating  table HV3 

Squaw  Creek  near — 
Sisters,  Oreg.: 

description 152 

di.«^?hargi» l.'>2 

dischai^,  monthly l,'*? 

gage  heights 153 

rating  table 153 

Stair  ditch  near— 
Atanum,  Wash.: 

discharge 70 

Stevens,  J.  C. ,  work  in  charge  of 1 

Stewart,  J.  E.,  work  of 1 

StiU  River  In— 
T.  3S.,R.  7E.: 

discharge 19 

Stillwater  River  near— 
Kill  is  poll,  Mont.: 

description 2'i-'24 

discharge . . .  f 24 

discharge,  monthly 24 

gage  heights 24 

rating  table 24 

Stream  flow,  measurement  and  computation 

of 7-13 

papers  on,  list  of 3 

Succor  Creek  near- 
Homed  ale,  Idaho: 

description '. .        89 

discharge 90 

discharge,  monthly 91 
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GEOLOGY  AND  WATER  RESOURCES  OF  A  PORTION  OF  THE 
MISSOURI  RIVER  VALLEY  IN  NORTHEASTERN  NEBRASKA. 


By  G.  E.  CoNDRA. 


INTRODUCTION. 

The  region  considered  in  this  report  lies  in  northeastern  Nebraska, 
south  of  Missouri  River,  and  extends  about  150  miles  east  and  west 
and  approximately  29  miles  north  and  south.  The  total  area  is  over 
4,100  square  miles,  comprising  Dakota,  Cedar,  Knox,  and  Boyd 
counties  and  the  northern  part  of  Holt  County,  as  shown  in  PI.  I. 

The  eastern  part  of  the  area  was  settled  long  ago,  and  the  western 
counties  are  now  rapidly  filling  up.  The  entire  region  has  a  fertile 
soil,  and  there  is  sufficient  rainfall  to  insure  crops  in  most  seasons, 
especially  where  careful  cultivation  is  practiced.  Very  little  irriga- 
tion is  needed,  and  a  few  short  ditches  constructed  during  excep- 
tionally dry  years  are  not  used  at  present.  In  1903  no  irrigation  what- 
ever was  employed. 

Stock  raising  is  carried  on  extensively  where  the  land  is  not  farmed. 
There  is  an  abundance  of  ground  water  throughout  most  of  the  area, 
yet  at  places  in  Boyd,  Knox,  and  Holt  counties  there  is  difficulty 
in  obtaining  a  sufficient  supply  of  good  well  water  for  stock  and 
domestic  purposes.  On  this  account  considerable  space  is  given  in 
this  report  to  ground  water  and  shallow  wells  in  those  counties. 

Many  springs,  some  of  them  of  good  volume,  are  found  in  every 
county.  Artesian  wells  are  obtained  on  the  Missouri  bottom  and  ad- 
jacent lowlands  from  eastern  Boyd  to  the  northeastern  part  of  Dixon 
County. 

This  report  is  a  result  of  studies  made  in  the  field  during  the 
summer  of  1908,  under  the  direction  of  N.  H.  Darton.  There  was 
found  to  be  much  local  interest  in  cement  rock,  coal,  and  the  water 
conditions.  Special  trips  were  made  into  Dixon  and  Dakota  coun- 
ties with  Prof.  J.  E.  Todd,  who  has  furnished  important  suggestions 
as  to  the  geology  and  has  supplied  several  sections.  It  was  found  nec- 
essary to  determine  the  broader  structural  and  stratigraphic  relations 
of  the  Cretaceous  formations,  and,  in  order  to  do  this,  observations 

were  continued  into  Iowa  and  South  Dakota. 
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Only  about  250  square  miles  of  the  area  have  been  topographic- 
ally surveyed  and  these  are  included  in  the  Elk  Point  quadrangle, 
which  extends  from  South  Dakota  into  Dixon  and  Dakota  counties. 
Outside  of  that  area  altitudes  were  obtained  from  railroad  levels 
and  by  the  use  of  an  aneroid  barometer. 

TOPOGRAPHY. 

The  principal  topographic  features  of  the  region  are  the  result  of 
the  erosive  action  of  streams,  but  glacial  action  has  modified  the  sur- 
face in  some  districts  by  changing  the  preglacial  drainage  and  adding 
deposits  of  gravel,  sand,  bowlders,  and  clay,  while  the  wind  has  modi- 
fied certain  sandy  surfaces  into  small  areas  of  dunes.  The  altitude 
varies  from  over  2,100  feet  on  the  table-lands  of  western  Holt  and 
Boyd  counties  to  about  1,100  feet  on  the  lowlands  of  Dakota  County. 
The  Missouri  River,  which  is  the  principal  stream,  has  eroded  a 
trough,  usually  with  steep  slopes,  to  an  average  depth  of  500  to  600 
feet  below  the  general  upland  level.  The  entire  area  slopes  gradually 
downward  from  west  to  east,  and  more  steeply  northward  from  the 
high  divides  toward  Missouri  River.  While  most  of  the  area  slopes 
and  drains  northward  toward  that  river,  the  drainage  of  small  por- 
tions of  Holt,  Knox,  Cedar,  Dixon,  and  Dakota  counties  flows  south- 
eastward and  reaches  the  river  farther  south. 

dbscriptivp:  gboix)gt. 

STRATIGRAPHY. 

Study  of  the  local  geology  of  a  region  affords  information  con- 
cerning the  soil,  aids  in  drilling  artesian  wells  by  indicating  the  thick- 
ness and  character  of  the  formations  through  which  the  drill  must 
pass,  and  is  a  guide  to  many  natural  resources  which  may  be  advan- 
tageously develoi>ed. 

The  formations  in  this  area  are  all  of  sedimentary  origin  and  be- 
long to  the  Cretaceous,  Tertiary,  and  Quaternary  systems.  The  Cre- 
taceous strata,  which  are  the  lowest  exposed,  consist  of  beds  wide  in 
extent  and  nearly  horizontal  in  position  or  with  a  slight  dip  to  the 
west.  They  are  composed  of  clay,  chalk,  limestone,  and  sandstone, 
which  were  for  the  greater  part  ifiarine  accumulations  of  mud,  minute 
calcareous  shells,  and  sand.  These  formations  outcrop  extensively 
along  Missouri  River  and  other  streams,  as  shown  in  PL  II  (in 
pocket),  and  by  well  records  their  relations  at  other  places  are  known. 
The  total  thickness  of  the  Cretaceous  beds  in  the  western  part  of  Boyd 
County  is  thought  to  be  about  1,400  feet.  From  records  of  ^eep  bor- 
ings at  Ponca  and  Sioux  City  it  is  known  that  the  Carboniferous  lime- 
stones also  underlie  the  region,  beginning  at  a  depth  of  about  545  feet 
at  Ponca,  Nebr.,  and  335  feet  at  Sioux  City,  Iowa. 
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STRATIGRAPHY.  7 

The  following  sections  represent  the  succession  at  certain  typical 

legalities : 

Sect  Urn  bvlow  the  mouth  of  Aotta  Creek,  Dixon  County,  Sebr. 

Feet. 

Loess,  extends  9S  feet  higher  in  slo|>e:  exftosed 7-30 

(Jlaclal  till 22 

Greenhorn  limestone:' 

Limestone,  Klal>b3%  with  many  remains  of  IwtceramuH  labiatun 5| 

Clay,  dark,  sandy,  with  some  chalk 1 

Limestone,  slabby,  containing  Inocerami 4 

Limestone,  bluish,  chalky,  weathers  to  a  light  color  n>sembllng  Nio- 
brara chalk  rock:   contains  some  Inocerami 9 

Graneros  shale: 

Clay,  bluish  and  somewhat  chalky  above,  dark  below,  contains  iron 

pyrites  concretions,  and  sulphate  of  Iron  as  a  jiowder 49^ 

Clay,  dark,  at  places  carbonaceous  above,  usually  sandy,  containing 
concreti<ms  of  Iron  pyrites  and  marcaalte  and  rosettes  of  selenlte..  7 

Dakota  sandstone: 

Sandstone,  light  to  rusty  color,  i>orou8,  and  soft;   with  root  marks. 
Rustj'  iron  concretions  o<rur  near  the  center  and  base.    The  be<ls 

thicken  and  dip  westward 7-10 

Clay,  dark,  c<mtains  irregular  streaks  of  light-colored  sand 2\ 

Sandstone,  nodular,  contains  rusty  Iron,  limy  at  places f 

Shale  and  nodules,  dark,  very  sandy  near  ravine 1 

Sandstone,  with  layers  of  concretionary  Iron  between  IkmIs 4i 

Sandstone,  rusty  and  dark,  varying  from  sandstone  to  shale TiJ-G 

Sandstone,  rusty,  iwrous  at  1,120  feet  above  sea  level 

The  beds  show  a  steeper  westward  inclination  near  the  mouth  of 
Aowa  Creek,  beyond  which  they  appear  to. rise  again  for  a  short 
distance. 

Combined  section  from  Vermition  Ferry  to  the  Dixon-Cedar  county  line. 
No.  Vf^t. 

7.  Loess:  thick  on  higher  sloi)es. 

6.  Glacial  drift;  usually  covered  by  loess (\-ii 

5.  Niobrara  chalk  rock,  light  color,  soft,  rises  in  hills  alwve.  expose<l  in 

three  banks 1^^ 

4.  Clay,  dark,  with  some  selenlte  crystals,  sandy  at  places 13 

3.  Sandstone  and  clay^  varies  from  sandstone  to  plastic  clay.  Be<1s  car- 
bonaceous at  places 8 

2,  Clay,  bluish  or  dark,  plastic,  covered  with  many  selenlte  crystals.  Con- 
tains two  zones  of  calcareous  concretions,  one  (>3-<)5  feet  and  the 
other  55  feet  above  the  river.  In  one  bank  a  thin  bed  of  rusty  sand- 
stone is  found  10  feet  above  the  river 73 

1.  Shale,  dark  blue,  chalky,  containing  Herpula,   large,   flat  Inocerami, 

Ostrea  congesta,  and  Prionocyclus,     Exposed  above  water 3-i 

Altitude  of  top  of  No.  1,  at  ferry 1,130 

Altitude  of  base  of  No.  5 1,224 

All  below  No.  5  are  included  in  the  Carl  He  shale  of  the  Benton  group. 

On  the  eroded  upper  surface  of  the  Cretaceous  lie  sheets  of  sand 
and  clay  of  Tertiary  age,  which  are  thickest  and  most  ty])ically  de- 
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veloped  in  the  western  parts  of  Boyd  and  Holt  counties,  and  thin  out 
in  Knox  and  Cedar  counties.  The  only  portion  of  the  Tertiary  thus 
far  identified  here  is  the  Arikaree  formation  and  an  unnamed  forma- 
tion of  Pliocene  age.  A  more  careful  examination  of  the  western 
part  of  the  region  may  possibly  show  the  presence  of  outliers  of  the 
White  River  formation  below  the  Arikaree. 

Lying  on  the  eroded  surface  of  the  Cretaceous  and  Tertiary  forma- 
tions, over  wide  areas,  are  the  deposits  of  clay,  sand,  gravel,  Iwwlders, 
loess,  and  alluvium  of  Quaternary  age. 

STRUCTURE. 

In  outcrops  in  northeastern  Nebraska  the  rocks  usually  appear  to 
lie  horizontal,  but  they  have  a  slight  general  inclination  to  the  west 
or  west-northwest,  which  becomes  very  low  for  some  distance  above 
the  mouth  of  Niobrara  River.  The  principal  structural  features  are 
shown  on  the  cross  sections  PI.  Ill  (in  pocket).  The  westerly  dip  is 
indicated  by  the  differences  in  altitude  of  the  top  of  the  Dakota  sand- 
stone, which  slopes  from  a  height  of  40  feet  above  the  river  level,  or 
altitude  of  1,160  feet,  at  Sioux  City  to  a  depth  of  500  feet,  or  altitude 
of  about  720  feet,  at  Niobrara.  This  difference  of  440  feet  in  80  miles 
indicates  an  average  dip  of  5^  feet  to  the  mile.  The  dip  from  Sioux 
City  to  Ponca,  however,  is  slight,  making  the  average  dip  from  Ponca 
to  Niobrara  about  7  feet  to  the  mile.  At  Lynch,  23  miles  west  of  Nio- 
brara, the  altitude  of  the  top  of  the  formation  is  about  690  feet,  which 
indicates  a  fall  of  only  about  1  foot  to  the  mile  in  that  direction,  while 
to  the  northwest,  up  the  Missouri  valley,  there  is  a  similar  low  dip. 

DESCRIPTION  OF  THE  ROCKS. 

CRETACEOUS  SYSTEM. 
DAKOTA  BAin>BTOVE. 

The  Dakota  sandstone  is  of  considerable  economic  importance,  fur- 
nishing artesian  water,  brick  clay,  fair  building  stone  in  places,  and 
small  amounts  of  a  poor  grade  of  lignite  coal. 

It  outcrops  occasionally  in  bluffs  in  southeastern  Dakota  County, 
Nebr.,  at  Sioux  City,  Iowa,  and  along  Big  Sioux  River  in  Iowa.  In 
Nebraska  the  formation  outcrops  at  intervals  fi-om  the  high  hills 
southeast  of  Homer  to  a  point  northeast  of  Ponca,  where  it  passes 
beneath  the  river  level.  It  extends  far  to  the  northwest  and  the  south- 
west under  later  formations  and  comes  to  the  surface  in  the  Black 
Hills  and  the  Rocky  Mountains.  According  to  well  records,  its  upper 
surface  lies  at  a  depth  of  3G0  feet  at  Ateft,  600  feet  at  Santee,  500  feet 
at  Niobrara,  and  700  feet  at  Lynch. 

The  formation  is  penetrated  by  wells  at  Ponca,  Nebr.,  and  Sioux 
City,  Iowa,  where  in  each  case  the  thickness  is  thought  to  be  between 
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300  and  400  feet.  In  the  Ponca  well,  700  feet  deep,  the  base  of  the 
formation  appears  to  be  at  an  altitude  of  about  755  feet,  while  its 
upper  surface,  exposed  in  bluffs  east  of  the  town,  rises  to  1,135  feet, 
indicating  a  thickness  of  380  feet ;  but  this  estimate  pn>bably  is  some- 
what too  large. 

According  to  Professor  Todd  the  mouth  of  the  Sioux  City  well  is 
38  fe^t  below  the  outcrops  of  the  sandstone,  whose  altitude  is  1,122 
feet,  and,  as  the  bottom  of  this  sandstone,  according  to  the  well 
record,  is  at  an  altitude  of  825  feet,  the  thickness  is  335.  It  is 
thought,  however,  that  the  beds  observed  near  the  mouth  of  the  well 
are  not  at  the  top  of  the  formation  and  that  some  higher  strata  have 
l)eeu  i*enioved  by  ero.-ion. 

The  Dakota  formation  is  composed  largely  of  thick  dejwsits  of 
coarse  friable  sandstone,  light  buff  to  rusty  in  color,  with  interbedded 
clay  beds  of  different  colors,  mostly  blue,  gray,  and  yellow.  One 
thick  bed  of  clay  north  of  Sioux  City  overlies  the  massive  cross- 
bedded  sandstone  which  outcrops  along  the  river  banks  in  that 
vicinity.  Numerous  iron-oxide  concretions  abound  in  the  clay,  as  do 
also  thin  beds  of  sandstone  merging  into  irregular,  sandy  iron-oxide 
deposits  of  variable  thickness.  Lignite,  in  thin  irregular  beds,  occurs 
in  the  upper  part  of  the  formation,  and  also  at  lower  levels  near 
Jackson  and  Homer.  Many  well-preserved  leaves  are  found  which 
have  been  studied  and  described  by  various  paleontologists. 

The  component  beds  of  the  Dakota  formation  in  this  region  are  not 
sufficiently  continuous,  extensive,  nor  distinctive  to  afford  a  basis  for 
subdividing  the  formation  into  different  horizons,  yet  in  the  outcrop 
area  the  following  order  has  been  observed,  passing  downward: 
(1)  Porous  sandstone  with  root  marks,  interstratified  clays,  and 
shale  or  lignite  beds;  (2)  clay,  thin  sandstone,  and  concretionary  iron- 
stone beds;  (3)  massive,  cross-bedded  sandstone  with  thin  beds 
of  clay. 

As  the  sandstones  weather  more  slowly  than  the  clay  l)eds  they  often 
form  bluffs  (see  PI.  IV,  ^1),  which  extend  as  a  more  or  less  con- 
tinuous escarpment  from  southeastern  Dakota  County  to  a  point  near 
Ponca.  At  cut  banks  along  the  river  and  near  the  mouths  of  a  few 
ravines  these  bluffs  form  prominent  points  and  buttresses.  The 
topography  varies  somewhat,  the  massive  sandstone  giving  sharp  out- 
lines and  the  clay  more  gradual  slopes.  Loess  and  Graneros  clay 
often  slide  down  over  these  outcrops,  concealing  the  IkhIs. 

Section  of  Dakota  mndstone  5  miles  southraxt  of  Homer,  yebr. 

Feet. 

Thin  beds  of  sandstone  and  clay,  colored  by  iron 18 

Sandstone,  massive,  cross-bedded.  These  beds  vary  much  in  texture; 
within  a  few  feet  they  may  grade  from  sand  into  sandstone  and  even 
quartzite.    The  colors  are  light  gray,  rusty,  and  dark 19 
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Section  of  Dakota  sandstone  and  overlying  loess  at  the  quarry  just  northwest  of 

Homer,  Nebr. 

Feet. 

Loess  at  top  of  bluff 12 

Clay,  shaly  and  oxidized  to  a  yellowish  color 2 

Sandstone,  light  colored,  porous,  massive,  not  cross-bedded 7 

Clay,  light  colored,  concretionary 2 

Sandstone,  much  like  No.  6  but  with  root  marks  in  upper  part 10 

Clay,  light  colored,  sandy,  oxidized ;  yellowish  at  places,  with  hard  layers 

of  concretionary  iron  1  to  12  inches  thick 28 

Clay,  yellowish,  with  fewer  iron  concretions  than  in  No.  3 5 

Sandstone,  light  colored  to  rusty,  massive,  cross-bedded,  interstratlfied 

with  thin  layers  of  clay 20 

In  the  Ashford  well  just  west  of  Homer,  the  lowest  bed  of  the 
above  section  was  not  penetrated  at  a  level  fully  70  feet  lower.  This 
member  of  the  Dakota  formation  rises  high  in  the  bluffs  some  6  or  7 
miles  southeast  of  Homer. 

Section  of  Dakota  sandstone  and  glacial  clay  in  the  quarry  at  Jackson,  Dakota 

County,  Xehr, 

Feet. 

Glacial  clay  with  some  sand - 3 

Sandstone,  rusty 1-1 

Sandstone,  light  colored,  loosely  cemented 2 

Sandstone,  rusty  to  light  colored,  friable,  in  beds  2  to  8  inches  thick  with 

thin  layers  of  light-colored  clay  between S 

Clay,  sandy,  light  coloretl i 

Sandstone,  light  colored,  friable 14 

Sandstone,  clay  or  sand,  varying;  color  rusty  to  light 3 

Parts  of  the  stone  in  this  quarry  are  used  for  building  purposes. 
Several  good  specimens  of  leaves  were  found  here.  According  to  the 
report  of  the  well  drillers  a  thin  bed  of  impure  coal  lies  30  feet  below 
the  lowest  point  in  the  quarry. 

Record  of  Mattison's  well.  N.E.  i  8,W.  1  sec,  20,  T.  SI  N.,  R.  6  E.,  southeast  of 

Ionia,  Nehr, 

Feet. 

Shaly  limestone 0-    8 

Chalk   S-  12 

Dark  shale. 12-  45 

Blue  clay 45-105 

Soft  sandstone 105-277 

Sand  and  gravel 277--302 

Clay  or  shale 302-312 

Soft  sandstone 312-487 

Gravel 487-517 

BENTON  OROUP. 

The  Benton  group  lies  between  the  Dakota  and  Niobrara  formations 
and,  as  Mr.  Darton  has  shown,  is  separable  in  this  region  into  three 
distinct  formations,  which  represent  the  Graneros  shale,  the  Green- 
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A.    DAKOTA  SANDSTONE  ON  BANK  OF  MISSOURI  RIVER  BELOW  MOUTH  OF  AOWA  CREEK. 


B.    GREENHORN  LIMESTONE  ON  GRANEROS  SHALE  NORTHEAST  OF  PONCA.  NEBR. 
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horn  limestone,  and  the  Carlile  formation  of  eastern  Colorado  and 
the  Black  Hills. 

Graneros  shale, — The  best  exposures  of  the  Graneros  shale  are  in 
river  bluffs  below  the  mouth  of  the  Aowa  Creek,  above  Ponca  Land- 
ing, and  at  the  Bigley  Ravine,  near  Ponca.  The  shale  lies  on  the 
Dakota  sandstone  and  is  overlain  by  the  Greenhorn  limestone.  It 
occurs  high  in  the  slopes  in  Dakota  County,  and  dips  gradually  to 
the  northwest,  its  base  reaching  the  level  of  the  river  about  3  miles 
north  of  Ponca.  The  thickness  in  Dixon  County  is  from  50  to  60 
feet,  while  in  the  Black  Hills  it  varies  from  800  to  900  feet.  Accord- 
ing to  Mr.  Burchard  ^  it  appears  to  thin  out  and  disappear  southeast 
of  Homer,  where  the  Greenhorn  limestone  lies  very  close  to  if  not 
directly  on  the  Dakota  sandstone.  It  is  composed  principally  of 
very  dark  gray  to  bluish-gray  clay  or  soft  shale  which  grades  above 
and  below  into  harder  shale.  The  section  at  the  mouth  of  Aowa 
Creek  (p.  7)  shows  the  usual  relations. 

Greenhorn  limestone. — ^This  medial  member  of  the  Benton  group 
lies  from  50  to  60  feet  above  the  Dakota  sandstone  and  is  18  to  20 
feet  thick,  not  including  a  few  feet  of  shaly  transition  beds  above  and 
below.  The  principal  rock  is  fossiliferous  limestone  with  an  admix- 
ture of  clay  and  som^  sand.  The  upper  beds  are  slabby,  highh^  fos- 
siliferous, and  stained  with  iron,  while  the  lower  beds  are  more 
massive  and  chalky  and  contain  a  smaller  number  of  large  fossils. 
The  formation  is  characterized  by  very  numerous  casts  of  Inoceramits 
lahiatxts  (see  PI.  VI).  This  limestone  was  traced  from  high  in  the 
hills  of  southeastern  Dakota  County  to  the  river  level  in  the  Ionia 
section  northeast  of  Newcastle. 

PI.  IV,  B  shows  a  characteristic  outcrop  of  this  limestone.  These 
beds  weather  out  like  chalk  and  were  formerly  mistaken  for  the  Nio- 
brara chalk  rock,  which,  however,  occurs  at  a  higher  level  farther 
w^est. 

Section  of  Oreenhom  limestone  and  associated  beds  in  cut  bank  and  slide  three- 
fourths  mile  northiecst  of  Ponca  Landing,  Xchr, 

Feet. 

Jjoess  and  till 80 

Greenhom  limestone: 

Limestone,  weatheretl,   sandj';   contains   many  casts  of  Inoceramus 

labiatus 8-9 

Limestone,  bluish  gray,  massive,  chalky 10 

Graneros  shale: 

Clay,  bluish,  stratified 20 

Clay,  dark  or  bluish,  at  places  rusty 25-:i0 

Shale,  dark,  quite  hard 2 

•  Geology  of  Dakota  County,  Nebr. :  Proc.  Acad.  Scl.  of  Sioux  City,  Iowa,  1903-4,  vol.  1, 
p.  150. 
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Carlile  shale, — ^This  uppermost  division  of  the  Benton  group  begins 
to  appear  above  the  Greenhorn  limestone  in  eastern  Dixon  County 
and  thickens  westward  to  170  feet  in  northwestern  Dixon  County  to 
over  200  feet  at  Niobrara,  and  to  500  to  700  feet  in  the  Black  Hills.  In 
the  eastern  part  of  its  outcrop  area  it  erodes  rapidly,  forming  slopes 
over  which  loess  and  Glacial  drift  slide  from  above,  concealing  it  at 
many  points  in  the  bluffs  of  Dixon  County.  The  base  of  the  forma- 
tion reaches  the  level  of  the  river  just  west  of  the  so-called  Ionia  Vol- 
cajio,  northjvest  of  Newcastle.  The  upper  surface  is  about  140  feet 
above  the  river  level  in  sec.  28,  T.  32,  R.  4  E.,  97  feet  above  at  Ver- 
milion Ferry,  71  feet  above  northeast  of  St.  James,  30  feet  above 
north  of  St.  Helena,  and  reaches  the  level  of  the  river  about  4  miles 
beyond  the  last-named  town.  Recent  slides  northeast  of  Ponca  ex- 
pose 8  to  12  feet  of  Carlile  above  Greenhorn  limestone  in  the  vicinity 
of  the  ferry.  A  well-marked  line  of  contact  with  the  Niobrara  chalk 
above  is  shown  in  PI.  V,  A. 

The  formation  is  composed  principally  of  dark-gray  and  bluish- 
gray  stratified  clays,  with  two  zones  of  fossiliferous  chalky  shale. 
Sandstone  beds  of  variable  extent  and  character  generally  occur  at 
different  levels,  but  usually  near  the  top,  as  just  west  of  Vermilion 
Ferry.  Large  concretions  of  carbonate  of  lime  are  found  above  the 
middle  of  the  formation.  Drillers  in  penetrating  this  formation  expe- 
rience difficulty  with  the  hard  concretions  and  sandstone  and  with  the 
thin  layers  of  iron  pyrites  which  also  often  occur  in  it.  Many  fish- 
scales,  a  large,  flat  form  of  Inoceramus^  Prionocyclus^  Serpula^  and 
Ostrea  congesta  are  common  fossils. 

A  locality  in  northern  Dixon  County,  in  sec.  10,  T.  31,  R,  5  E.,  has 
received  the  name  Ionia  Volcano.  It  is  simply  a  bluff  of  shale  in 
which  the  oxidation  of  a  large  amount  of  iron  pyrites  often  produces 
considerable  heat,  at  times  sufficient  to  give  rise  to  steam  and  sulphur 
fumes,  and  even  to  cause  slight  baking  of  the  shale. 

Two  zones  of  concretions  of  carbonate  of  lime  occur  in  the  Carlile 
shale.  The  lower  zone  is  a  continuous  one,  and  its  concretions  are 
large,  lens-shaped  forms,  2  to  8  feet  long  and  1  foot  or  more  thick 
(PI.  V,  B).  This  horizon  continues  at  about  50  feet  from  the  top  of 
the  formation  from  high  in  the  slope  in  sec.  32,  T.  32,  R.  5  E.,  to  a 
point  between  St.  James  and  St.  Helena,  where  the  dip  takes  it 
down  to  the  level  of  the  Missouri.  The  upper  zone  consists  of  smaller 
concretions  at  a  less  continuous  horizon  8  to  10  feet  above  the  fii*st. 
These  concretions  weather  out  and  fall  to  the  base  of  a  slope,  where 
they  crack  into  irregular  pieces.  In  many  of  them  calcite  and 
selenite  crystals  occur. 

While  selenite  crystals  may  be  observed  throughout  the  Graneros, 
Carlile,  Nipbrara,  and  Pierre,  they  are  most  abundant  on  slopes  of 
the  Carlile  formation,  especially  at  the  Ionia  Volcano  or  on  other 
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bluffs  in  that  region,  where  they  are  commonly  mistaken  for  niica. 
They  vary  in  size  from  minute  needles  to  2  to  3  inches  across.  They 
originate  near  the  surface  from  the  weathering  of  the  iron  pyrites 
scattered  through  the  clay,  some  of  the  products  of  which  react  with 
lime  in  solution  in  percolating  waters,  forming  calcium  sulphate 
which  crystallizes  as  selenite.  The  usual  belief  that  they  were  formed 
when  the  strata  were  deposited  and  that  they  occur  in  large  numbers 
throughout  the  beds  is  therefore  erroneous. 

Section  of  Carlile  shale  and  associated  formations  at  the  Ionia  Volcano,  in 
northern  Dixon  County,  Nehr, 

Feet 

lioess  and  tUl 15-a5 

Clay  (CarHle),  dark,  plastic.    Contains  sulphate  of  iron,  epsom  salts, 
selenite   crystals,    etc.,   over    the   surface.     Sulphur   dioxide   fumes 

rise  from  the  clay  at  one  point ^ 112 

Shale,    bluish 15 

Limestone,  slabby,  with  fish  scales  and  Inoceramus  labiatus IJ 

Altitude  of  riven  1,118  feet;  of  top  of  hill,  1,265  feet. 

The  lowest  bed  is  a  part  of  the  Greenhorn,  while  the  overlying 
bluish  shale  is  a  transition  to  the  base  of  the  Carlile.  It  is  promi- 
nently represented  in  a  ravine  below  the  old  landing  about  1  mile 
away. 

Professor  Todd  has  noted  the  existence  of  a  thin  but  very  per- 
sistent layer  of  clay  closely  resembling  bentonite  near  the  middle  of 
the  Carlile  formation.  It  varies  from  1^  to  3  inches  thick.  At 
Vermilion  Ferry  it  is  about  10  feet  above  the  river.  At  the  Ionia 
Volcano  it  is  about  100  feet  above  the  top  of  the  Greenhorn  beds,  and 
it  is  at  same  horizon  in  ravines  in  the  SW.  i  sec.  26,  T.  31  N.,  R.  5  E., 
and  in  a  shaft  in  the  SW.  J  sec.  24  of  the  same  township.  It  is  sug- 
gested that  it  may  originally  have  been  a  thin  stratum  of  volcanic 
ash. 

HIOBRABA  FOHMATIOH. 

The  Niobrara  formation  lies  between  the  Carlile  and  the  Pierre 
shales  and  is  a  conspicuous  and  characteristic  feature  of  the  region. 
It  outcrops  in  the  creek  slopes  of  northwestern  Dixon  County,  high 
in  the  river  bluffs  just  west  of  Vermilion  Ferry,  and  thence  westward 
and  northward  along  Missouri  River  and  its  tributaries  to  the  great 
bend  of  that  river  in.  South  Dakota.  A  thickness  of  about  130  feet 
remains  in  the  hills  northeast  of  St.  James,  Nebr.,  while  westward  at 
the  margin  of  the  Pierre  shale  the  total  thickness  is  over  200  feet. 
The  easternmost  points  at  which  the  formation  is  exposed  or  found  in 
wells  are  in  the  SE.  i  SW.  i  sec.  32,  T.  32  X.,  R.  5  E.,  and  the  W.  ^ 
sec.  6,  T.  29  N.,  R.  5  E.  The  dip,  which  is  westerly,  is  low  from  St. 
James  to  Niobrara,  beyond  which  the  upper  surface  seems  to  be 
nearly  level  with  perhaps  a  slight  rise  in  the  direction  of  Chamber- 
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lain,  S.  Dak.  The  base  of  the  formation  is  97  feet  above  the  river  near 
Vermilion  Ferry,  71  feet  northeast  of  St.  James,  and  30  feet  at  St. 
Helena,  a  few  miles  beyond  which  it  passes  below  the  level  of  the 
river.  At  the  cement  works  west  of  Yankton,  S.  Dak.,  the  upper  sur- 
face is  fully  140  feet  above  the  river  surface,  while  the  base  lies  a  few 
feet  below  it. 

The  formation  is  composed  of  lead-gray  chalk  rock,  which  weath- 
ers yellowish,  with  a  variable  admixture  of  clay  and  sand.  Thin 
limestone  beds  composed  of  small  Ostrea  congesta^  found  principally 
in  the  upper  portion,  are  a  characteristic  feature  (see  PL  VI).  In 
Cedar  County  and  apparently  at  Niobrara,  Knox  County,- the  base 
of  the  formation  is  a  sandy,  hard  limestone.  The  purer  chalk  beds 
vary  from  less  than  1  inch  to  as  much  as  6  feet  in  thickness  and  merge 
into  mixtures  of  chalk  and  clay  in  variable  proportions.  The  upper 
surface  is  usually  weathered,  leaving  a  relatively  larger  percentage 
of  clay,  iron,  and  sand  than  is  found  in  the  more  massive  beds  below. 
In  the  latter  there  are  nearly  vertical  joint  planes  intersecting  each 
other  at  angles  of  about  90  degrees.  Deeply  decayed  surfaces  have 
gypsum  plates  in  the  joint  and  bedding  planes,  and  at  places  selenite 
crystals  are  scattered  over  the  surface.  The  purer  massive  chalk  is 
of  fine  grain,  porous  texture,  low  specific  gravity,  and  gives  a  charac- 
teristic dead  or  hollow  sound  when  struck  with  a  hammer.  Its  eco- 
nomic value  lies  in  its  use  for  the  manufacture  of  cement  and  for 
building  stone. 

The  chalk  bluffs  of  the  Missouri  present  a  strikingly  barren  appear- 
ance and  are  usually  of  a  conspicuous  yellow  color.  The  bluffs  have 
a  uniform  height  above  the  river  for  a  distance  of  over  200  miles  in 
Nebraska  and  South  Dakota,  but  are  notched  by  many  small  draws. 
The  upper  surface  of  the  formation  falls  to  within  8  or  10  feet  of  the 
river  £tt  Wheeler  and  Nieveen,  S.  Dak.  For  most  of  the  distance, 
from  a  point  5  miles  below  Greenwood  to  Yankton,  the  Niobrara 
bluffs  are  prominent  on  one  side  of  the  river  or  the  other.  At  a  num- 
ber of  places  slight  faults  and  flexures  were  observed;  most  of  the 
latter  occur  at  the  mouths  of  small  ravines  and  appear  to  be  caused 
by  the  swelling  of  beds.  The  steeper  slopes  are  often  covered  with 
splinters  of  chalk  rock  broken  from  the  cliffs  above. 

Section  of  Niobrara  limestone  and  associated  formations  northeast  of  BU  Jamett^ 

Nebr. 

Feet, 

Loess.    Rises  in  hills  to  an  altitude  of  over  1,400  feet 4O-50 

Niobrara  chalk,  massive,  somewhat  sandy,  and  harder  In  lower  beds. 
Base  at  1,205  feet  above  sea  level.    liises  in  hills  to  an  altitude  of  1,335 

feet,  or  a  thickness  of  130  feet  exposed 40-50 

Carlile  clay,  dark  and  bluish,  with  some  sand  and  sandstone.    I^arge  cal- 
careous concretions  50  to  55  feet  below  top.    Exposed  In  slope  to  river.        71 
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Section  of  Niobrara  limesiofie  and  Pierre  shale  on  Bazile  Creek  at  bend  in  road 

1  mile  south  of  Bazile  Pointy  Nebr, 
Pierre  shale:  Feet. 
Carbonaceous  clay,   dark   in   bank,    lighter   on   weathered   surface, 
which  is  strewn  with  selenite  crystals  and  small  yellowish  con- 
cretions of  irregular  form 6 

Niobrara : 

Weathered  chalk,  yellowish,  with  3  or  4  light-colored  streaks  2  Inches 

thick  and  about  1  foot  apart,  O.  congesta  present 7 

Chalk,  beds  irregular,  sandy,  and  at  places  concretionary;  gypsum 
plates  occur  in  bedding  and  irregular  joint  planes.    Ix)wer  beds  6  to 

8  Inches  thick.    O.  congesta  is  the  common  fossil 8i 

Blue  chalk,  lower  4  feet  in  2  beds;  large  Inocerami  and  O.  con- 
gesta present 8 

Analysis  of  Niobrara  chalk  rock, 
[Uowison  Crouch,  aniilyst.] 

Weathered 
specimen. 


Moisture 

SiO, *. 

Oiganic  matter. . 

SOa 

CO, 

CaO 
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PIERRE  SHALE. 


The  Pierre  shale  is  the  thickest  member  of  the  Cretaceous'  in  Ne- 
braska, varying  in  thickness  from  a  few  feet  in  northwestern  Cedar 
County  to  over  500  feet  in  western  Boyd  Coiuity.  The  base,  lying 
on  the  Niobrara,  slopes  down  slowly  from  western  Cedar  County  to 
central  Knox  County,  beyond  which  it  is  either  horizontal  or  has  a 
slight  rise  westward.  The  eroded  top  reaches  an  altitude  of  over 
1,900  feet  in  western  Boyd  County.  At  the  cement  works,  4  miles 
west  of  Yankton,  S.  Dak.,  the  Pierre  clay  just  above  the  Niobrara 
chalk  is  distinctly  crumpled,  a  feature  which  may  have  been  caused 
by  the  ice  sheet. 

During  Eocene  and  early  Miocene  times  this  region  was  a  land 
area  eroded  into  hills  and  valleys.  The  Pierre  clay  was  entirely  re- 
moved in  the  eastern  part,  and  on  the  rough  upper  surface  later  Ter- 
tiary and  Quaternary  deposits  were  laid  down,  to  be  themselves  in 
turn  partly  removed  by  weathering  and  erosion. 

The  Pierre  shale  is  commonly  called  "  gumbo  "  and  "soapstone," 
and  consists  principally  of  dark  and  bluish,  plastic,  and  finely  strati- 
fied clays.  It  carries  lenses  of  limestone,  and  beds  of  shale,  impure 
chalk,  and  thin  layers  of  concretionary  ironstone.    At  its  base  there  is 
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a  dark  carbonaceous  clay,  resembling  coal,  which  is  exposed  along  the 
Missouri,  beginning  in  irregular  lenses  near  Chamberlain,  S.  Dak., 
and  extending  as  a  continuous,  well-marked  horizon  from  a  few  miles 
farther  down  the  river  to  eastern  Knox  County.  At  the  latter  place 
it  contains,  near  the  middle,  an  admixture  of  whitish  clay,  resembling 
fuller's  earth  and  varying  in  thickness  from  10  to  30  feet  or  more. 
The  next  horizon  above  is  made  up  of  dark  and  bluish  plastic  clays 
with  thin  seams  of  iron  ore.  Above  this  are  alternating  beds  of  shaly 
chalk  and  clay,  the  former  weathering  reddish ;  these  chalky  beds  are 
often  mistaken  for  Niobrara  chalk.  The  highest  beds  of  the  Pierre, 
as  observed  in  Boyd  County,  are  bluish  clay  with  some  concretions  of 
iron  ore.    The  sections  on  page  17  give  the  strata  more  in  detail. 

The  Pierre  shale  in  this  region  is  not  rich  in  fossils.  A  few  Inoc- 
erami^  shark's  teeth,  and  mososaur  remains  were  observed  by  the 
writer.  Mr.  R.  F.  Stout,  Center,  Nebr.,  has  collected  from  Pierre 
chalky  beds  about  72  vertebrae,  the  paddle  bones,  and  pieces  of  ribs 
of  a  very  large  mososaur.  He  also  secured  crocodile  bones  and  a 
number  of  Belemnitella, 

The  beds  do  not  rise  steeply  in  bluffs  but,  weathering  rapidly,  form 
rolling  hills  and  long  slopes.  A  typical  hilly  country  of  Pierre  shale 
li^s  between  Santee  and  Herrick  in  what  is  called  the  Devil's  Ne^st. 
The  hills,  though  usually  either  grass-covered  or  farmed  where  not 
too  rough,  show  light  to  dark  bands  at  different  levels.  This  appear- 
ance is  due  to  the  alternation  of  beds,  the  chalky  deposits  causing  light 
bands,  the  chalk  stained  with  iron  giving  rise  to  yellowish  soil,  and 
the  dark  clays  and  iron-bearing  beds  giving  brownish  and  dark 
streaks. 

In  the  high  ridge  just  north  of  Niobrara  River  and  southeast  of 
Spencer,  certain  hard  beds  at  different  levels  cause  flat  summits  or  a 
series  of  irregular  steps  rising  from  east  to  w^est.  The  topography  of 
the  different  zones  of  the  Pierre  is  well  shown  along  Bazile  Creek, 
which  has  a  grade  of  about  400  feet  in  24  miles.  Gradual  clay  slopes 
extend  from  altitude  1,5()0  to  about  1,500  feet;  steeper,  chalky  slopes 
with  a  narrower  valley  extend  from  altitude  1,500  to  1,400  feet ;  while 
the  clays  below  give  more  gentle  slopes  and  a  wider  valley  down  to 
about  1,280  feet,  at  which  altitude  the  Niobrara  chalk  begins  and 
bluffs  prevail. 

A  very  noticeable  feature,  especially  in  northern  Holt  County,  is 
the  presence  along  Niobrara  River  and  its  tributary  creeks  of  many 
landslides,  caused  by  the  infiltration  of  ground  water  through  joints 
in  the  clays,  rendering  them  plastic.  Fully  50  slides  may  be  seen 
along  Eagle  Creek,  between  Turner  and  Ray,  w^here  Pierre  clay  rises 
from  60  to  100  feet  in  the  slopes.  At  John  Dolin's  place,  in  sec.  26, 
T.  32,  R.  11,  a  slide  formed  in  1893  has  a  length  of  20  rods  and  ver- 
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tical  displacement  of  from  50  to  100  feet.     It  ccnnpletely  dammed 
Eagle  Creek,  causing  the  channel  to  shift  several  rods  southward. 

Section  of  Pierre  shale  along  Bazile  Creek  \  mile  southeast  of  Mackeyville,  Nebr, 

Feet. 

Bluish  clay  with  flakes  of  iron  oxide  on  surface 79 

Dark,  carbonaceous  clay  which,  at  places,  is  chalky,  extending  below  the 
water  in  the  creek 12 

Section  of  Pierre  shale  and  Niobrara  limestone  south  of  the  Missouri  River  and 

S  miles  west  of  Fort  Randall,  N.  Dak. 
Pierre  shale:  Feet. 

Clay  with  ironstone  over  surface;  soujo  selenite  above 13 

Clay,  yellowish,  chalky,  varies  in  character  from  massive',  impure 
chalk  to  large  concretions  of  chalk  and  clay.  Dark,  flat  concre- 
tions occur  at  liase 11 

Clay,  very  dark;  carbonaceous  with  thin,  liglit-colored  seams  at  base; 
definitely  Jointed,  standing  as  buttresses,  between  which  it  weathers 
into  amphitheater-like  recesses;  surface  lighter  where  weathered; 
gypsum  flour  and  aelenite  in  Joint  and  l)etldlng  plains.  Lemon-yel- 
low concretions  occur  near  top  of  beds 28 

Niobrara  : 

Chalk,  weathered  above,  darker  below;  with  few  fossils 40 

Section  of  Pierre  shale  and  overlying  deposits,  one-half  mile  northeast  of  Center, 

Nebr. 

Feet. 

I.<oes8 1 4 

Sandy  slope 0 

Pebbles  and  gravel,  then  fine  sand  and  glacial  i)ebbles  at  base 30 

Pierre  shale : 

Dark  clay,  somewhat  chalky  when  dry 1 li 

Liiglit  buff-colored  clay,  bedding  not  plain,  showing  g>'psum  flour  and 

small  selenite  crystals  in  Joint  and  l)eddlng  plains 4J 

Clay,  light,  blue,  or  dark  at  places;  chalky  and  hard.  Rosettes  of 
selenite  common  over  upper  2  feet.  Gypsum  flour  in  cracks ;  crys- 
tals in  Joint  and  beilding  plains 19 

Clay,  dark  gray 2 

Clay,  dark,  plastic,  with  3  to  6  inch  zone  of  oxidized  iron  concretions 
32  feet  below  top.  This  clay  seems  to  extend  below  the  creek.  Ex- 
posed        45 

Section  of  Pierre  shale  abipve  the  Whiting  Bridge,  7  miles  southeast  of  Speiwcr^ 

A'cftr. 

Feet. 

Clay,  dark,  plastic,  with  tliin  seams  of  iron 170 

Yellowish  clay,  darker  where  not  weathered,  with  some  portions  bluish- _        40 

Chalky  beds,  at  places  liard  enough  for  building  purposes 2 

Alternating  dark  shale  and  clay;  the  shaly  beds  stand  out  as  buttresses.^        3G 
Altitude  of  river,  1,502  feet;  top  of  sloi)e,  1,750  feet. 

3091— IBR  215—08 2 
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TERTIARY   SYSTEM. 

Two  formations  of  later  Tertiary  age  occur  in  this  region :  one  is 
the  Arikaree,  which  has  a  wide  range  over  western  Nebraska  and 
adjacent  States;  the  other,  which  has  no  name,  consists  of  certain 
stratified  sands  and  clays  found  in  Holt,  Knox,  and  Cedar  counties. 

ARIXAREE  FORMATIOK. 

The  Arikaree  formation  is  composed  of  grayish  sand  and  sandy 
clays,  with  local  beds  of  sandstone,  quartzite,  conglomerate,  and  fresh- 
water limestone,  which,  in  the  table-lands  of  Boyd,  Holt,  and  Knox 
counties,  are  100  feet  or  more  thick.  From  these  nearly  level  areas 
the  formation  thins  on  the  slopes  and  ridges  toward  and  between  the 
streams.  Certain  outliers  in  the  eroded  areas  give  rise  to  buttes  of 
more  or  less  prominence.  Originally  the  formation  extended  over 
all  of  the  western  part  of  the  region  to  which  this  report  relates  and 
well  into  Cedar  County  and  perhaps  farther  east,  but  by  subsequent 
erosion  it  has  been  widely  removed,  leaving  only  a  few  remnants,  cap- 
ping buttes  on  some  of  the  northwest-southeast  trending  ridges  to  the 
east. 

The  sandy  portion  of  the  formation  is  in  part  unconsolidated,  the 
grains  usually  being  feebly  cemented  by  a  small  amount  of  calcium 
carbonate.  WTiere  there  is  more  complete  cementation  there  are  local 
beds  of  sandstone  which  generally  show  cross-bedding.  In  several 
cases  the  rock  contains  pebbles.  In  most  of  the  buttes  there  occurs 
a  hard,  greenish  sandstone  or  quartzite  with  a  silicious  cement,  identi- 
cal with  that  found  in  the  Bijou  Hills  of  South  Dakota  and  at  Wood- 
ruff, Kans.  These  hard  beds  do  not  occur  at  definite  levels,  the  nature 
and  kind  of  the  rock  often  changing  within  a  few  feet. 

Not  many  fossils  are  found  in  the  Arikaree  formation.  Silicified 
wood  is  abundant  on  the  place  of  Andrew  Lukup,  southwest  of 
Verdigre.  Several  mammalian  bones  have  been  found  about  the 
buttes,  but  the  writer  saw"  only  one  bone  of  that  class  embedded  in 
the  rock.  The  most  conspicuous  outcrops  are  in  the  well-known 
Twin  Buttes,  10  miles  west  of  Butte,  Boyd  County  (PL  VII,  .4), 
and  Stony  Butte,  2  miles  southwest  of  Verdel,  Knox  County.  Twin 
Buttes,  2,060  feet  in  altitude,  are  so  prominent  that  they  can  be 
seen  for  many  miles,  even  from  points  in  South  Dakota  beyond 
Missouri  Eiver.  From  the  top  of  the  southeast  butte,  which  rises 
over  100  feet  above  the  plain,  a  good  idea  can  be  gained  of  the 
former  extension  of  the  Arikaree  table-land  north  in  Dakota,  west  in 
Keyapaha  County,  and  south  in  Holt  County.  The  altitude  of  Stony 
Butte  is  about  1,700  feet ;  in  it  the  Pierre  clay  is  capped  by  25  feet 
of  Arikaree  formation,  the  latter  being  composed  of  cross-bedded 
sandstone  and  quartzite,  with  a  small  amount  of  sand  at  the  base.    As 
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this  sand  crumbles  out  or  washes  away,  the  hard  beds  above  ai'e  un- 
dermined and  break  into  large  pieces  or  bowlders  which  scatter  over 
the  Pierre  slope  below. 

Section  of  Tertiary  deposits  in  bluffs  northeast  of  Badger  Bridge,  Boyd  County, 

Nebr. 

Feet. 

Saod  aDd  gravel  in  slope 38 

Sandstone,  quartzitic,  greenish  to  light,  cross-bedded,  weathers  to  light 
color 2 

Sandy  loam,  grayish,  light  on  surface,  darker  in  banic ;  not  plainly  strati- 
fied: .contains  in  upper  i>art  hard  concretions  G  to  8  inches  In  diame- 
ter.   These  breaic  into  irregular  pieces  showing  dendritic  structure 7 

IxMim,  grayish,  sandy,  weathers  to  a  yellowish  or  buff  color,  resembling 
loess;  lies  on  Pierre  shale  at  an  altitude  of  1,800  feet 62 

Section  of  Tertiary  deposits  at  the  southeast  Twin  Butte,  Boyd  County,  Nebr. 

Feet. 
Sandstone;  3  feet  top  of  grayish  to  greenish  and  quartzitic,  the  rest  fria- 
ble, cross-bedded,  and  showing  plant-like  tubes 10-15 

Gray    sand 5-10 

Porons  rock  consisting  of  sand  apd  pebbles  in  a  limy  matrix 6-10 

Clayey  sand,  greenish  in  beds,  grayish  on  surface 90? 

In  a  field  just  north,  and  at  the  top  of  the  bluffs  along  Keyapaha 
River,  this  lower  sand  is  underlain  by  a  bed  of  greenish  quartzite, 
beneath  which  is  a  bed  of  loam  lying  on  Pierre  clay. 

PLIOCEHE  DEPOSITS. 

At  the  close  of  Arikaree-  time  the  region  was  extensively  eroded  by 
drainage,  which  for  a  while  at  least  flowed  from  northwest  to  south- 
ea.st.  A  few  remnants  of  the  deposits  of  these  old,  high-level  streams 
may  be  seen  extending  southeast  across  Gregory  County,  S.  Dak.,  and 
at  other  points  farther  west.  The  longer  axes  of  the  buttes  of  Arik- 
aree  formation  in  Boyd  County  extend  in  the  same  direction.  Parts 
of  northeastern  Nebraska  were  considerably  eroded  at  this  time,  but 
finally  received  the  sand  and  gravel  deposits  which  are  thickest  to 
the  east  and  south.  The  old  channels  extending  across  Knox  and 
Cedar  counties  and  described  by  Prof.  J.  E.  Todd  *»  may  have  been 
outlined  at  that  time,  for  they  appear  to  be  related  to  the  old  chan- 
nels farther  northwest.  Old  valleys  connect  Ponca  Creek  and  Nio- 
brara River  in  sees.  25,  20,  and  36,  T.  34  R.  14,  and  south  of  the  buttes 
near  Butte.  Sandy  gravel-capped  ridges  trending  northwest-south- 
east, with  intervening  dry  valleys,  occur  at  various  places,  notably 
southwest  of  Butte. 

The  so-called  Pliocene  deposits  consist  principally  of  stratified  sand 
with  some  gravel  and  clay,  which  comes  to  the  surface  in  southeastern 

•Todd.  J.  E.,  Moraines  of  southeastern  South  Dakota:  Bull.  U.  S.  Geol.  Survey  No. 
158,   1899,  pp.   GOOl. 
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Holt  and  southwestern  Knox  counties  and  lies  beneath  loess  and  gla- 
cial drift  in  much  of  Knox  and  Cedar  counties.  The  best  typical  ex- 
posures occur  in  the  Devils  Nest'  region  between  Santee  and  Herrick, 
where  a  thickness  of  50  to  100  feet  has  been  observed.  The  relations 
of  these  beds  to  the  Arikaree  drift  and  loess  has  not  been  fully  ascer- 
tained; while  they  are  usually  described  under  the  name  Pliocene 
it  seems  highly  probable  that  the  accumulation  of  much  of  the  forma- 
tion so  characterized  extended  well  into  Quaternary  time. 

QUATKRNARY  SYSTEM. 

Deposits  belonging  to  this  system  consist  of  glacial  drift,  loess,  allu- 
vium, and  dune  sand. 

QLAOIAL  DRIFT. 

The  drift  is  composed  of  irregular  masses  of  bowlder  clay  and  of 
sand  and  gravel  beds  with  an  admixture  of  bowlders  at  places,  these* 
materials  having  been  carried  to  the  region  by  the  glacial  ice  sheet 
and  streams.  The  bowlder  clay  is  exposed  lying  on  the  Cretaceous 
and  Tertiary  deposits  at  various  points  along  the  deeper  valleys,  and 
is  reached  in  wells  at  a  number  of  places;  it  frequently  contains  north- 
ern pebbles  and  bowlders.  Gravel  and  sand  beds  are  of  wide  extent 
under  the  loess;  they  rise  to  an  altitude  of  over  1,600  feet  in  north- 
western Knox  County,  where  they  mix  with  somewhat  similar  mate- 
rials of  western  origin.  Along  some  of  the  principal  streams  the 
gravel  beds  appear  as  a  terracelike  cap.  Bowlders  occurring  in  con- 
nection with  the  gravel  are  found  along  the  streams  and  on  hill  slopes 
in  Knox  and  Cedar  counties,  where,  as  a  result  of  undermining,  they 
fall  or  roll  to  lower  levels;  one  of  the  most  conspicuous  deposits  ex- 
tends from  1  to  3  miles  north  of  Hartington.  In  Dixon  and  Dakota 
counties  they  seem  to  be  buried  beneath  the  loess  and  to  be  in  small 
numbers,  as  well  drillers  rarely  find  them.  The  western  limit  of 
northern  drift  extends  from  near  Verdel  southward  along  Verdigris 
Creek. 

LOESS. 

This  important  surface  formation,  often  called  the  liluff  deposit, 
extends  over  most  of  Nebraska  east  and  south  of  the  sand  hills,  and 
into  Iowa,  Missouri,  Kansas,  and  other  States.  It  is  composed  of 
fine  sand  and  clay  particles  and  contains  a  small  amount  of  calcium 
carbonate  which  holds  the  grains  together  loosely.  The  nearly  uni- 
versal buff  color  is  due  to  the  presence  of  a  small  amount  of  yellow 
oxide  of  iron.  The  thickness  varies  from  a  few  feet  to  over  100  feet. 
Its  most  noticeable  feature  is  the  uniformity  of  porous  texture  and 
massive  structure  throughout,  with  only  occasional  traces  of  strati- 
fication. In  western  Knox  County  the  loess  becomes  sandy  or 
changes  to  a  loesslike  silt.    A  close  examination  of  a  loess  bluff  shows 
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faint  vertical  cleavage  and  usually  the  presence  of  small,  light-col- 
ored, irregular  concretions.  Very  small  shells,  usually  of  land  forms, 
occur  at  many  localities. 

The  origin  of  the  loess  is  still  a  disputed  question,  some  geologists 
holding  that  it  is  a  wind  deposit,  while  others  claim  that  it  has  been 
deposited  in  water.  From  its  character  and  relations  in  this  region, 
it  seems  probable  that  the  principal  agency  has  been  wind,  but  the 
deposits  were  locally  modified  by  water. 

The  eastern  part  of  the  area  described  in  this  report  has  a  hilly 
loess  topography.  Near  Ponca  many  vertical  slips  due  to  the  verti- 
cal jointing  were  observed  in  the  hills,  where  they  are  locally  called 
"  cat  steps."  The  vertical  displacement  causes  the  formation  to  slide 
over  and  cover  banks  in  which  older  formations  occur.  Where  the 
talus  is  removed  from  below  by  a  stream  or  other  agent,  nearly  ver- 
tical loess  bluffs  result. 

Near  Cook  Creek,  close  to  the  east  side  of  the  Santee  Indian  Reser- 
vation, a  loess  escarpment  lx»gins  as  a  bluff  rising  from  100  to  200 
feet  above  the  Cretaceous  clays  in  the  Devils  Nest  below.  This  high 
ridge  extends  southeastward  and  then  curves  northeastward  to  a  high 
hill  4  or  5  miles  southwest  of  St.  Helena.  The  noticeable  feature 
is  that  the  slope  is  southward  from  the  brink  of  this  escarpment. 
The  loess  similarly  slopes  away  from  the  brink  of  the  Missouri  Valley 
just  south  of  Vermilion  Landing,  Cedar  County. 

ALLUYIXni. 

Alluvial  deposits  composed  of  sand,  clay,  and  some  gravel,  floor 
the  principal  valleys.  ThCvSe  deposits  have  also  been  called  valley 
wash  and  bottom  land,  while  their  upper  surface  is  referred  to  as  a 
flood  plain.  Level  areas  of  the  same  nature  but  somewhat  higher, 
are  called  benches  or  alluvial  terraces.  The  alluvial  flats  along  Mis- 
souri River  vary  in  width  from  about  2  to  over  10  miles,  being  widest 
along  Dixon  and  Dakota  counties ;  between  Jackson  and  Homer  they 
form  the  extensive  bottom  lands. 

Alluvial  materials  comprise  flood-plain  and  alluvial-fan  deposits. 
The  former  have  been  deposited  principally  by  the  Missouri,  while 
the  latter,  which  are  well  shown  between  Ionia  and  Ponca,  have  been 
carried  from  adjacent  slopes  by  weak  tributarias,  and  scattered  over 
the  flood  plain  at  the  mouths  of  ravines.  The  thickness  of  the  allu- 
vium averages  much  greater  than  the  depth  of  the  river  channel;  a 
thickness  of  185  feet  is  reported  in  the  Joseph  Holtzbauer  well  near 
Aten. 

The  bottom  lands  along  the  Niobrara  average  from  one-half  to 
three-fourths  mile  wide  and  are  very  sandy.  Nearly  all  of  the  smaller 
streams  flow  on  narrow  beds  of  alluvium. 
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DUHE  SAHD.  *" 

In  certain  areas  the  wind  has  blown  Arikaree,  Pliocene,  and  allu- 
vial sands  into  small  dunes  or  sand  hills.  The  principal  area  lies 
south  of  Niobrara  River,  and  is  from  5  to  8  miles  wide,  extending 
from  the  western  part  of  Holt  County  to  near  Bazile  Creek.  A  few 
small  "  blow-outs  "  occur  on  the  highland  west  of  the  town  of  Verdi- 
gre.  Low  sandy  ridges,  extending  in  a  northwest-southeast  direction, 
occur  at  several  points  in  Knox  and  Cedar  counties;  they  were  formed 
earlier  than  the  dunes  on  the  alluvial  flats.  ^  At  a  number  of  places  the 
loess  is  completely  covered  by  drifting  sands.  A  few  small  dunes  are 
found  on  the  Logan  Creek  bottom,  near  Laurel. 

ECONOMIC    GEOLOGY. 

MINERAL  RESOURCES. 
BRICK  CLAY. 

Cretaceous  clays  and  tlie  loess  are  used  successfully  in  the  manu- 
facture of  brick.  Twelve  brickyards  were  operating  in  the  region  in 
1903. 

SAND  AND  GRAVEL. 

Building  sand  in  unlimited  amounts  is  found  along  Niobrara 
and  Missouri  rivers,  and  is  plentiful  in  the  Tertiary  and  Quaternary 
formations.  The  principal  loading  station  is  at  Stewart,  Holt 
County,  where  the  sand  is  scooped  onto  cars  and  sent  out  by  train- 
loads.  Gravel  suitable  for  ballast  occurs  in  terraces  and  in  the  glacial 
deposits  at  many  places.  Glacial  bowlders  have  been  used  as  foun- 
dation materials. 

BUILDING  STONE. 

No  very  attractive  and  durable  stone  is  found  in  northeastern  Ne- 
braska, and  that  available  occurs  under  unfavorable  conditions. 
The  stone  most  used  is  the  greenish  Arikaree  quartzite  described  on 
page  18.  It  is  hard  and  fairly  durable,  but  works  in  poor  form,  as 
the  deposits  are  of  very  irregular  character.  It  is  quarried  in  most 
of  the  stony  buttes  and  at  a  few  lower  levels,  and  is  used  principally 
for  foundations  and  milldams.  Most  of  this  material  is  obtained  (1) 
from  many  placets  in  northern  Holt  County,  as  at  Ray  and  Turner, 
where  it  is  found  in  residual  bowlders;  (2)  at  John  Vicknish's  quarry, 
near  Ray;  (3)  northeast  of  Badger  Bridge;  (4)  in  the  vicinity  of 
Twin  Buttes;  (5)  just  south  of  the  town  of  Butte;  (6)  3  miles  north 
and  one-half  mile  west  of  Spencer;  (7)  at  the  Stumbo  quarry,  in 
sec.  20,  T.  33,  R.  10  W.,  between  Lynch  and  Gross;  (8)  on  the  divide 
south  of  Monowi;  (9)  on  Stony  Butte,  2  miles  south  of  Verdel;  (10) 
6  miles  southwest  of  Verdigre;   (11)  on  the  divide  between  Verdigre 
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and  Center,  and  (12)  2  miles  southwest  of  Aten.  The  quartzite  is 
excellent  for  concrete  work  and  it  would  make  very  fair  ballast  if 
crushed. 

The  Greenhorn  limestone  is  used  somewhat  for  foundations,  and 
the  Xiobrara  chalk,  though  soft,  serves  fairly  well  as  a  building  ma- 
terial where  it  can  be  placed  above  ground  water.  In  some  houses 
it  has  stood  over  twenty  years  with  little  sign  of  decay.  The  Menom- 
inee Church,  in  northern  Cedar  County,  and  the  house  of  C.  D.  Buhro, 
sec.  20,  T.  32,  R.  2  W.,  Knox  County,  are  good  examples  of  this. 

The  lens  of  limestone  in  the  Pierre  formation  7  miles  northwest  of 
Verdigre  has  been  used  to  some  extent  as  a  source  of  building  stone, 
but  there  is  only  a  limited  supply  of  it  and  considerable  stripping  is 
necessary. 

At  Jackson,  Homer,  and  a  point  5  miles  southeast  of  Homer,  a  fair 
grade  of  sandstone  is  found  in  the  Dakota,  but  the  conditions  for 
quarrying  are  not  favorable. 

CEMENT   ROCK. 

A  large  portion  oi  the  chalk  rock  of  the  Niobrara  formation  is 
suitable  for  cement  manufacture  and,  with  the  growing  demand  for 
Portland  cement,  the  production  of  this  material  may  prove  profitable 
in  northeastern  Nebraska.  It  is  now  manufactured  extensively  across 
the  river  in  South  Dakota,  in  mills  located  4  miles  west  of  Yankton 
and  li  miles  north  of  the  river.  The  plant  has  been  running  thirteen 
years,  supplying  cement  to  South  Dakota,  Iowa,  Nebraska,  and  other 
States;  the  output  is  300  barrels  a  day,  with  60  men  working.  The 
materials  used  average  about  4  parts  of  Niobrara  chalk  to  1  part  of 
Pierre  clay.  The  top  of  the  chalk  here  is  weathered  and  has  to  be 
stripped  to  a  depth  of  about  15  feet.  The  chalk  and  clay  are  mined 
or  quarried,  crushed  together,  thoroughly  mixed,  and  then  carried 
by  water  slushes  to  drying  vats,  where  the  mixture  is  dried  by  solar 
heat,  and  separated  into  blocks.  Then  come  kiln  burning,  final  grind- 
ing, and  preparation  for  shipment.  A  view  of  the  works  is  shown  in 
PL  VIII,  A. 

The  formations  worked  at  Yankton  are  exposed  in  Nebraska  along 
Missouri  River  from  Dixon  County  to  northern  Boyd  County  and 
afford  a  vast  supply  of  the  raw  materials.  The  principal  factors  to 
be  considered  in  the  establishment  of  a  plant,  besides  the  presence  of 
suitable  cement  materials,  are  the  condition  in  which  they  are  found 
so  as  to  avoid  waste  in  quarry  strippings,  the  water  supply,  fuel,  and 
a  suitable  location,  especially  in  relation  to  transportation  facilities. 
All  of  these  conditions  except  cheap  fuel  exist  at  many  places  on  the 
Nebraska  side  of  the  river.  At  Niobrara  the  chalk  rock  is  of  good 
quality  and  in  large  supply,  and  this  place  is  favorably  situated  for 
railroads  and  river  transportation ;  artesian  water  and  a  suitable  loca- 
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lion  for  a  plant  can  also  be  had.    A  view  of  an  outcrop  at  this  place 
is  shown  in  PI.  VIII,  5. 

COAL." 

For  nearly  fifty  years  there  has  been  more  or  less  prospecting  for 
coal  in  northeastern  Nebraska,  but  the  results  have  been  most  unsat- 
isfactory. Near  Ponca  Landing,  from  10  to  18  inches  of  an  inferior 
grade  of  lignite  is  found  in  the  basal  portion  of  the  Graneros  shale, 
and  it  has  been  worked  in  a  limited  way.  Near  Jackson  two  holes 
were  recently  sunk,  which  found  two  thin  beds  of  lignite  in  the 
Dakota.  In  a  high  bank  southeast  of  Homer  a  thin  bed  of  lignite 
rises  85  feet  above  the  river.  Paying  quantities  of  coal  are  not  to  l^e 
expected  in  this  region.  The  following  analyses  of  Dakota  County 
lignite,  by  Mr.  E.  F.  Burchard,  may  be  of  interest  in  this  connection: 

Analysis  of  air-dried  lignite  from  near  Jackson,  Nehr.,  at  a  depth  of  Go  feet. 

I  K.  K.  Burehard.  analyRf.] 

Water 4.03 

Volatile  matter _#_ 51.  40 

Fixed  carbon 33.  00 

Ash . 10. 91 

100.  OU 
Sulphur  undetermined. 

Analysis  of  air-dried  lignite  from  shaft  near  Ja^'kson,  \ebr„  depth  82  feet, 
[E.  I'\  Burchard,  analyst.] 

Water 6.47 

Volatile  matter 27.  24 

Fixed  carbon 49.27 

A8h :. 10.23 

Snlphnr .  SO 

100. 07 
PEAT. 

WTiile  there  has  been  no  development  of  peat  as  a  source  of  fuel  in 
any  pait  of  the  area,  it  seems  probable  that  it  may  be  found  in  con- 
siderable quantities  in  some  of  the  bogg}^  basins.  One  of  the  localities 
that  should  be  investigated  is  the  basin  of  Perrin  Creek,  in  Cedar 
County. 

VOLCANIC  ASH. 

Volcanic  ash  beds  which  may  yet  prove  of  some  importance  occur 
in  Holt,  Knox,  and  Dixon  counties. 

"Extended  accounts  of  the  llRnitea  of  Dakota  County  arc  given  by  E.  P.  Burchard  In 
(Contributions  to  economic  jfoology  for  li)0:i :  Bull.  V.  S.  Geol.  Survey  No.  225,  1904,  pp. 
276-288 ;  and  In  Geology  of  Dakota  County,  Nebr. :  Proc.  Acad.  Scl.  and  Letters  of  Sioux 
City,  1903-4,  vol.  1.  p.  150. 
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A.    CEMENT  PLANT  NEAR  YANKTON,  S.  DAK. 
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WATER  RESOURCES. 
GENERAL  STATEMENT. 

Of  the  water  which  falls  upon  the  land,  part  runs  oflf  into  surface 
streams,  part  evaporates,  and  part  is  absorbed  by  the  land  and  by 
plant  ^'owth.  The  proportions  vary  with  the  rainfall,  soil  texture, 
geologic  structure,  and  topography,  the  volume  of  rainfall  being  the 
most  important  factor.  In  northeastern  Nebraska  the  rainfall  varies 
considerably  in  the  different  counties,  with  a  general  diminution 
from  east  to  west,  the  normal  annual  precipitation  ranging  from  27 
to  28  inches  in  Dakota,  Dixon,  and  C^dar  counties  to  less  than  23 
inches  in  parts  of  Boyd  and  northern  Holt  counties.  Mr.  George  A. 
I^veland,  meteorologist  at  the  University  of  Nebraska,  gives  the 
following  data : 

Normal  annual  precipitation  at  Agee,  Holt  County,  23.87  Inches;  Lynch,  Boyd 
Countj',  23.33  inches;  Santee,  Knox  County,  22.78  inches;  Hartington,  Cedar 
County,  27.53  Inches;  EJk  Point,  South  Dakota,  27.01  Inches.  Tiie  maximum 
amount  of  rainfall  is  in  May  and  .Tune,  or  during  the  growing  season.  Nothing 
definite  is  known  concerning  the  amount  of  eva|)oratlon  from  different  soil  sur- 
faces in  this  section.  The  maximum  evaporation  is  during  June,  July,  and 
August. 

The  absorbent  power  of  the  soil  is  greatest  in  the  loess  and  sandy 
areas  which  occupy  much  of  the  area.  On  certain  clayey  soils  on 
steep  slopes  the  run-oflf  is  large,  notably  on  some  of  the  Pierre  lands. 
Water  absorbed  and  collected  in  the  soil  is  called  ground  water;  it 
moves  slowly  downward  until  it  reaches  some  impervious  layer,  above 
which  it  accumulates  in  varying  amounts,  in  many  areas  completely 
filling  or  saturating  thick  beds  of  sand.  The  ground  water  moves 
slowly  from  higher  to  lower  regions,  at  a  rate  which  is  gi'eatest  in 
coarse  or  porous  beds.  Heavy  rains  raise  the  upper  surface  of  the 
ground  water,  while  long  dry  spells,  when  evaporation  is  greatest, 
lower  it. 

A  few  lakes  in  the  sand  hills  north  of  Turner  show  well  this  rise 
and  fall  of  the  water  table,  filling  up  during  wet  weather  and  dis- 
appearing at  dry  times.  During  the  dry  years  1893  to  1895  the  water 
table  lowered  very  perceptibly,  while  during  1903  it  rose  and 
numerous  new  springs  appeared  at  the  surface.  The  ground  water 
also  is  the  source  of  the  shallow  wells'  supply. 

SURFACE   WATERS. 
BTKEAKS. 

The  Missouri  River  carries  a  large  volume  of  water,  and  although 
its  grade  is  less  than  1  foot  to  the  mile  it  flows  rapidly.  It  is 
important  as  a  source  of  water  for  drinking,  domestic  purposes,  and 
stock.    Many  persons  drink  the  turbid  water  as  it  comes  from  the 
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river,  but  in  most  cases  it  is  settled  in  vats  before  using.  While  it 
affords  a  good  supply  of  stock  water,  many  cattle  and  a  few  horses 
are  lost  each  year  by  falling  into  the  river  at  caving  banks.  These 
unfortunate  animals  rarely  escape,  for,  although  they  gain  a  footing 
at  some  sloping  bank,  they  usually  can  not  climb  out,  and  finally  die 
from  exhaustion.  The  Missouri  is  also  an  important  avenue  for 
transportation  by  means  of  steamers  of  small  size,  which  carry  grain, 
stock,  lumber,  and  passengers. 

Niobrara  River  receives  most  of  its  water  from  springs  at  the  base 
of  the  Arikaree  formation.  The  following  discharge  measurements 
were  made  near  the  village  of  Niobrara : 

Discharge,  in  Hecond-feet,  of  Niobrara  River  near  Niobrara,  Nebr, 


Date. 


April  6,  1901 

April?.  1901 

May  11.  1902 

July  6, 1902 

.Fuly25,  1902 

Aug:iist21,  1902-- 


Hydrographer.  Dbcbargt!. 

O.  V.  P.  Stoat J  l.SSl 

do '  2.115 

J.  O.  Stevens — ,  1,637 

do - 

do -- 

do 


2.021 
1.401 
I.IOS 


The  stream  is  shallow  and  relatively  swift,  flowing  among  many 
sand  bars.  The  water  is  not  deep  enough  for  boating.  In  this  sec- 
tion the  south  slopes  are  usually  sandy,  while  those  on  the  north  are 
clayey  and  very  steep.  .  Except  for  stock  and  locally  for  domestic 
purposes  the  water  is  not  extensively  utilized. 

Ponca  Creek  is  a  weak  stream  in  a  large  basin.  It  heads  in  south- 
central  South  Dakota,  in  many  broad,  shallow  valleys  which  carry 
but  little  water. 

Many  water  powers  available  in  this  region  could  be  utilized  to 
advantage.  While  power  sites  are  found  in  each  county,  the  most 
favorable  conditions  prevail  in  Knox  and  in  the  northern  part,  of 
Holt  County,  where  the  powers  are  mostly  on  the  smaller  or  spring- 
fed  streams,  which  are  not  much  affected  either  by  floods  or  dry 
weather;  these  have  steep  grades  and  keep  open  most  of  the  winter. 
As  the  country  becomes  more  populous  there  will  be  mcreasing  de- 
mand for  water  power,  which  is  little  used  now  except  to  run  a  few 
flouring  and  grist  mills. 

SP&IKGS. 

Springs  are  an  important  water  resource  in  all  the  counties,  afford- 
ing most  of  the  local  water  supply.  The  principal  horizons  from 
which  they  flow  are  (1)  between  the  Tertiary  sands  and  the  Pierre 
clay,  (2)  between  Glacial  drift  and  the  Pierre,  and  (3)  from  the 
Dakota  sandstone. 

The  porous  Arikaree  formation  contains  a  large  supply  of  ground 
water  which  sinks  to  the  impervious  Pierre  clay,  along  the  top  of 


Digitized  by  LjOOQ IC 


UNDERGROUND   WATERS.  27 

which  it  flows  until  it  reaches  the  surface  on  the  hill  slopes.  This 
condition  is  shown  by  the  existence  of  frequent  springs  at  the  base  of 
the  Arikaree  sands,  whence  the  water  flows  out  over  the  clay  slopes 
below.  This  horizon  lies  high  on  the  slopes  in  the  western  parts  of 
Holt  and  Boyd  counties  and  somewhat  lower  in  Knox.  In  all  cases 
the  same  general  conditions  prevail — an  impervious  bed  checking  the 
downward  motion  of  water  accumulating  in  a  porous  formation,  and 
a  lateral  flow  to  the  surface.  The  water  from  a  series  of  springs  often 
collects  into  a  flowing  stream,  but,  on  the  other  hand,  soil  often 
chokes  or  checks  the  flow,  especially  in  pasture  lands  where  cattle  and 
horses  assist  the  process  by  tramping.  During  exceptionally  humid 
years,  ground  water  reaches  the  surface  at  additional  places,  pro- 
ducing transient  springs.  These  are  often  called  wet- weather  springs, 
and  are  evidence  of  extensive  seepage  not  far  back  in  the  slope  which, 
by  suitable  trenching,  can  often  be  opened  so  as  to  furnish  a  perma- 
nent flow.  Sometimes  a  short  horizontal  well  or  tunnel  will  reach  a 
permanent  supply.  Where  the  formation  is  not  too  sandy  the  same 
result  can  be  acx^omplished  by  boring  and  drilling. 

Boggy  places,  where  the  ground  water  seeps  to  the  surface,  occur 
along  certain  streams  in  each  county.  The  springs  coming  from  the 
Dakota  sandstone  are,  in  part  at  least,  seepage  from  the  artesian 
waters,  a  portion  of  which  reaches  the  surface  in  the  eastern  part  of 
the  area  to  which  this  report  relates. 

UNDERGROUND  WATERS. 
SHALLOW  WELLS. 

Shallow  wells,  like  most  springs,  draw  their  supply  from  the 
ground  water.  The  amount  of  water  which  a  well  will  afford  within 
a  given  time  depends  on  a  number  of  conditions,  the  principal  one  of 
which  is  the  nature  of  the  pervious  bed.  Thoroughly  saturated  grav- 
els and  coarse  sands  deliver  water  faster  than  fine  sand.  As  water  is 
pumped  from  the  well  the  surface  of  the  water  lowers,  but  this  is 
slow  and  hardly  perceptible  in  cases  where  the  materials  are  coarse 
and  there  is  an  abundance  of  water.  It  is  desirable,  therefore,  to  find 
water-bearing  beds  of  coarse  sand  or  gravel,  and  material  of  this  sort 
prevails  at  most  localities  in  this  region.  The  water  from  the  Cre- 
taceous formations  is  generally  bad,  except  that  from  the  Dakota  sand- 
stone, and  even  this  is  often  charged  with  mineral  matter.  The 
Tertiary  and  Quaternary  deposits  generally  yield  a  suitable  supply 
of  water  of  good  quality.  Wells,  except  the  deeper  tubulars,  vary  in 
depth  from  a  few  feet  to  between  200  and  .300  feet,  and  in  diameter 
from  2  inches  to  several  feet.  They  are  cased  with  wood,  brick,  tile, 
cement,  stone,  and  iron  pipe,  the  first  named  being  mostly  used,  and 
the  last  named  being  used  in  driven  wells.  Wells  are  dug,  drilled, 
bored,  and  driven.    The  water  level  in  most  shallow  wells  is  affected 
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somewhat  by  weather  changes.  Those  on  the  Missouri  bottom,  when 
near  the  river,  seem  to  fluctuate  somewhat  with  the  flood  and  low- 
water  stages  of  the  river. 

ABTESIAN  WELLS. 

Artesian  conditions. — The  entire  area  treated  in  this  report  is  un- 
derlain by  the  water-bearing  Dakota  sandstone,  which  yields  artesian 
wells  in  many  districts.    Part  of  this  water  comes  to  the  surface  in 
numerous  springs  in  Dixon  and  Dakota  counties,  but  to  the  west  it 
lies  at  depths  gradually  increasing  to  1,500  feet  or  more.    The  source 
of  this  water  is  in  the  Black  Hills  and  the  Rocky  Mountains,  where 
the  Dakota  and  associated  sandstones  are  extensively  exposed.    Thence 
this  sandstone  dips  eastward  beneath  later  Cretaceous  clays,  but  it 
comes  to  the  surface  along  Big  Sioux  River,  in  Iowa,  and  also  along 
!       Missouri  River  below  Ponca,  Nebr.    The  sandstone  is  porous,  and  also 
i       thick  enough  to  receive  and  carry  large  amounts  of  water.    The  siip- 
I       ply  is  gathered  in  the  mountain  areas  and  flows  very  slowly  through 
:        the  sandstone  to  the  lower  regions  east,  where  (as,  for  instance,  along 
!        the  valleys  and  lower  lands  of  Nebraska  and  South  Dakota)  part  of  . 
I        it  comes  to  the  surface  through  springs  and  artesian  wells.    An  im- 
\        portant  factor  is  the  thick  mass  of  impervious  clay  and  shale  over- 
lying the  water  horizon  and  preventing  its  escape  in  the  wide  area 
of  plains  between  the  mountains  and  the  Missouri.    Such  beds  overlie 
the  Dakota  sandstone  as  far  east  as  Ionia, 'Nebr.,  in  the  river  valley 
and  somewhat  farther  on  the  highlands.    Talus  slopes,  glacial  clays, 
and  fine  sands  aid  greatly  in  checking  the  free  escape  of  water  in' 
the  eastern  outcropping  area.    Owing  to  the  high  altitude  of  the  gath- 
ering grounds  on  the  mountain  slopes,  4,000  to  5,000  feet,  and  the  low 
altitude  of  the  region  east,  the  water  is  under  such  pre&sure  or  head 
that  it  flows  slowly  eastward  through  the  porous  sandstone. 

The  Carboniferous  beds  which  underlie  northeastern  Nebraska 
carry  artesian  water,  but  at  a  considerable  depth.  This  horizon  was 
reached  in  wells  at  Sioux  City,  Iowa,  and  at  Ponca,  Nebr. 

The  sandstone  of  the  Carlile  formation  carries  artesian  water  and 
yields  the  weak  "  pencil  "  flow  or  "  straw  "  flow  of  Knox  and  Cedar 
counties.  Some  of  the  artesian  springs  farther  up  the  river  may  issue 
from  this  horizon. 

Chemical  composition  of  artesian  water, — The  chemical  composi- 
tion of  artesian  water  seems  to  vary  somewhat  with  the  different 
flows  and  localities.  The  most  common  mineral  compounds  present 
are  sulphates  of  soda,  lime,  and  magnesia,  chloride  of  sodium,  and  - 
iron,  all  usually  in  small  amount.  There  is  only  a  ti'ace  of  organic 
impurity. 

The  following  analysis  of  water  from  the  small  school  well,  Santee, 
Nebr.,  was  made  by  Prof.  Robert  O.  Riggs: 
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Analysis  of  water  of  stnall  school  well,  Santce,  Nebr. 

Parts  per  million. 

Silica  (SlOa) 9 

Aluminum  (Al) : 2.1 

Calcium  (Ca) 242 

Magnesium   (Mg) 48 

Sodium  (Na)_-. 87 

Potassium    (K) 29 

Sulphate  radicle  (SO4) 733 

Carbonate  radicle   (CO,) 84 

Bicarbonate  radicle  (HCO,) 68 

Chlorine  (CI) 55 

1,357 
Total  solids 1, 360 

The  iron  was  not  determined  but  there  is  more  of  it  in  the  water 
of  this  well  than  in  that  of  the  large  school  well. 

Pressure, — Owing  to  the  elevated  source  of  waters  in  the  Dakota 
sandstone,  these  would  be  under  great  pressure  under  the  lowlands   i 
east  were  it  not  for  the  leakage  in  the  outcrop  area  which  causes    ' 
the  "  head  "  to  gradually  decrease  from  west  to  east.    The  pressure     » 
or  head  is  of  great  practical  importance,  for  it  determines  the  height     \ 
to  which  the  water  will  rise,  and  consequently  the  area  within  which      \ 
artesian  flows  are  to  be  expected.    This  area,  deduced  from  observed 
pressures,  is  shown  in  PL  IX  ( in  pocket) .    As  the  Dakota  is  composed 
of  alternating  beds  of  sandstone  and  clay  which  often  are  distinct, 
there  are  different  flows,  called  "  first,"  "  second,"  "  third,"  etc.,  which 
*  have. different  pressures  or  heads,  usually  greatest  in  the  lowest.    This 
is  because  there  is  freer  leakage  from  the  upper  than  from  the  lower 
sandstone  horizon. 

In  northeastern  Dixon  County  there  is  no  pressure  in  the  upper 
sandstone  beds  of  the  Dakota  formation  and  only  enough  in  the 
lower  beds  to  raise  water  a  few  feet  above  the  level  of  Missouri  River. 
Farther  west,  in  northwestern  Dixon  County  and  northern  Cedar 
County,  the  pressure  is  so  small  in  the  upper  beds  that  the  flow  is  not 
strong,  but  at  lower  levels  a  greater  pressure  is  found. 

At  Niobrara  the  pressure  is  strong  enough  to  force  water  about  210   1 
feet  above  the  mouth  of  the  Mill  well,  or  to  an  altitude  of  1,450  feet.  { 
As  above  explained,  the  pressure  and  head  increase  from  east  to  west, 
and  if  it  were  not  for  the  fact  that  the  rise  of  the  country  is  usually 
more  rapid  in  that  direction  than  the  general  increase  gradient  of  the 
water  head,  artesian  water  could  be  obtained  over  a  much  greater  area. 
As  it  is  flowing  wells  are  obtainable  only  in  the  valleys.    At  Lynch, 
at  an  altitude  of  about  1,392  feet,  there  is  a  closed  pressure  of  85^  \ 
pounds  to  the  square  inch.    Allowing  a  head  per  pound  of  2i  feet  (the 
height  of  a  1-inch  column  of  water  weighing  one  pound),  the  water  . 
would  rise  in  a  pipe  198  feet  above  the  mouth  of  the  well,  or  to  an 
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altitude  of  over  1,590  feet.  As  the  well  is  923  feet  deep  there  is  suffi- 
cient pressure  to  raise  water  in  all  1,121  feet.  Dividing  1,121  by  2i 
we  find  that  the  pressure  at  the  bottom  of  the  well  is  480^  pounds 
per  square  inch. 

In  the  Kosebud  Agency  well  farther  northwest,  in  South  Dakota, 
the  artesian  water  raises  to  an  altitude  of  2,000  feet.  Diflferent  wells 
in  a  given  locality  may  show  different  pressures.  The  variations 
may  be  due  to  one  or  more  of  the  following  conditions:  (1)  Dif- 
ference in  the  horizon  of  the  flow,  the  pressure  being  greater  with 
deeper  flows;  (2)  escape  of  water  outside  of  the  casing;  (3)  leaks 
in  the  casing  due  to  rust;  (4)  difference  in  altitude  of  mouths  of 
wells;  (5)  choking  of  flows  by  sand  or  clay;  (6)  proximity  of  wells 
causing  local  interference  and  decrease  below  the  average  pressure; 
(7)  short,  loose,  or  broken  casing  permitting  leakage  from  a  lower 
sandstone  into  an  upper  one. 

Temperature  of  artesian  water. — In  a  given  locality  the  tempera- 
ture is  highest  in  the  deeper  wells.  There  is  a  gradual  decrease 
eastward  from  over  80°  F.  in  the  deep  well  at  Lynch  to  54°  in  one 
of  the  Ryan  wells  in  the  northern  part  of  Dixon  County.  It  has 
been  observed  that  the  shallow  artesian  wells  with  weak  pressure 
have  about  the  same  temperature  as  springs. 

Construction  and  care  of  wells, — It  was  noted  that  in  many  cases 
but  little  care  had  been  taken  in  the  selection  of  proper  sites  and  in 
the  construction  of  wells  in  northeastern  Nebraska.  Some  wells  have 
been  drilled  on  land  too  high  for  a  flow,  even  when  a  lower  position 
would  have  been  just  as  convenient  to  the  owner.  Some  wells  on 
moderately  high  lands,  which  did  obtain  feeble  flows,  have  since 
ceased  flowing.  Wells  should  be  carefully  cased,  and  the  casing 
should  fit  tightly  into  cap  rock  and  permit  no  leakage.  Below  the 
cap  rock  perforated  pipe  should  be  used  for  a  part  of  the  distance 
at  least  to  prevent  sand  choking  the  end  of  the  casing.  In  too  many 
instances  there  is  not  enough  casing,  and  it  is  often  so  loose  that 
water  flows  outside  of  it  to  the  surface.  It  is  best  to  use  double 
casing.  Water  standing  about  the  mouth  of  the  well  causes  the  pipe 
to  rust  badly,  but  this  can  easily  be  prevented  by  carefully  piping 
and  grading.  One  of  the  largest  and  most  expensive  wells  in  the 
area  was  lost  by  the  rusting  of  pipes  near  the  surface;  in  this  case 
there  was  a  pond  of  water  about  the  well.  In  wells  with  double 
casing  the  old  inner  pipe  can  be  drawn  and  replaced  by  a  new  one. 

Large  and  expensive  wells  to  be  used  for  power  should  be  put 
down  by  experienced  well  drillers  who  understand  how  to  cut  off 
the  upper  and  weaker  flows  and  produce  a  well  with  the  greatest 
possible  pressure.  It  has  been  found  best  to  keep  such  wells  closed 
when  not  in  use.    If  properly  cased  and  not  running  sand  there  is 
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no  danger  of  injuring  the  well  by  shutting  off  the  flow,  but  it  should 
be  shut  off  gradually. 

Diminution  in  pressure  and  supply, — It  is  believed  that  in  some 
portions  of  the  artesian  area  the  pressure  and  volume  of  flow  is 
diminishing,  but  reliable  data  bearing  on  this  point  are  difficult  to 
obtain.  Many  wells  decrease  in  volume  after  flowing  some  time,  but 
the  change  is  often  due  to  breaks  in  the  pipe,  leakage,  and  clogging 
by  sand  or  iron  rust.  Sometimes  the  diminution  is  local  and  due  to 
the  large  number  of  wells.  It  is  claimed  that  the  pressure  in  the 
first  and  second  flows  in  the  Dakota  sandstone  is  decreasing  in  Cedar 
County;  the  first  flow  at  present  runs  a  2-inch  pipe  half  full,  while 
formerly  it  ran  a  full  pipe ;  the  second  flow,  about  80  feet  deeper  than 
the  first  and  having  more  pressure,  shows  but  little  change ;  the  third 
flow,  from  30  to  40  feet  below  the  second,  has  changed  very  little,  if 
any. 

BLOWIHO  WELLB. 

Blowing  wells  are  found  at  a  number  of  places  in  Nebraska,  espe- 
cially in  Jefferson  County.  They  are  also  known  as  "  breathing," 
"  howling,"  and  "  weather  "  wells.  They  occur  at  several  localities 
in  southeastern  Knox  County  and  about  Mineola,  Holt  County.  The 
wells  have  a  depth  of  from  125  to  about  200  feet,  passing  through  : 
loess,  sand,  dry  gravel,  and  sand  into  water  gravel.  In  some  cases  ; 
there  is  only  a  slight  movement  of  air  into  and  out  of  the  well,  called  ■ 
"  sucking  "  or  inhalation  and  "  blowing  "  or  exhalation.  Where  the 
casing  is  tight  above  and  the  opening  small  a  very  audible  noise  may 
be  produced.  The  movement  of  air,  up  or  down,  seems  to  depend  on 
the  barometric  pressure.  When  the  air  is  heavy  during  a  high  barom- 
eter the  movement  is  inward,  while  when  the  air  is  light  during  a 
low  barometer  it  is  outward.  Since  the  well  and  weather  phenomena 
correlate  so  closely  the  wells  are  called  weather  wells,  and  the  changes 
in  atmospheric  pressure  are  supposed  to  cause  the  ''  blowing."  The 
dry  gravel  below  forms  a  reservoir  into  and  out  of  which  air  readily 
passes.  While  there  is  more  or  less  air  in  all  formations,  that  in  the 
porous  beds  moves  most  freely.  Naturally  this  reservoir  of  air  is 
affected  by  pressure,  and  the  well  is  an  artificial  connection  between 
the  atmosphere  and  the  air  in  the  porous  beds  below.  Inhalation  dur- 
ing very  cold  weather  causes  the  pipes  to  freeze  sometimes  as  far 
down  as  the  water.  As  soon  as  a  reverse  movement  begins  the  pipes 
thaw  out  rapidly.  i 

Mr.  Charles  C.  Cleveland,  of  Creighton,  Nebr.,  furnishes  the  fol-      J 
lowing  description  of  his  well : 

My  well  is  3  feet  in  diameter  and  165  feet  deep,  dug  through  loess,  80  feet; 
sand  and  gravel,  65  feet ;  clay,  20  feet.  From  this  clay  a  2-lnch  hole  was  bored 
down  to  water  gravel  from  which  the  water  flowed  15  feet  deep  in  the  3-foot 
hole.    In  this  well  there  is  at  times  a  current  of  air  moying  \sx  ox  out,  although 
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during  much  of  the  time  it  i»  entirely  Htill.  Wheu  the  weaither  pioderatef*  in 
winter  or  is  getting  warmer  at  any  time  the  well  blows,  and  the  air  hissing 
through  the  platform  can  be  heard  rods  away.  When  the  weather  tunis  cold, 
the  air  is  suclced  in.  This  air  must  liave  come  out  of  the  dry  gravel  below  the 
loess.  The  pump  platform  has  to  l>e  made  air-tight  in  winter  to  prevent  pipes 
freezing  to  the  bottom  of  the  well.  All  deep  wells  in  this  vicinity  are  blowing 
wells. 

POLLUTION  OF  WELL  WATEB8. 

Water  is  rendered  impure  by  the  presence  of  mineral  and  organic 
matter.  {Some  kinds  of  tliese  may  be  present  without  affecting  the 
desirableness  of  the  water  for  drinking  and  domestic  purposes,  but 
most  impurities  either  are,  or  are  likely  to  become,  injurious  to  the 
health.  The  water  supply  which  comes  principally  from  shallow 
wells  and  springs  often  become  contaminated  from  the  surface  and  is 
then  a  source  of  contagion.  Many  cases  of  typhoid  fever  have  come 
from  this  cause.  The  site  for  a  dug  well  should  be  selected  with 
great  care  and  should  be  as  far  as  possible  from  barnyards,  back- 
houses, etc.  All  surface  drainage  should  be  kept  away.  Placing  a 
well  on  higher  ground  than  the  house  and  outbuildings  is  not  always 
a  safeguard,  for  the  water  level  in  a  well  is  so  low  that  in  some  cases 
there  may  be  a  direct  underground  seepage  from  a  dangerous  source 
of  contamination.  Wood  curbing  often  fouls  the  water  by  rotting. 
Spring  water  may  also  become  polluted  if  it  flows  from  sands  not 
well  protected  from  surface  contamination. 

WATER  RESOURCES  BY  COUNTIES. 
HOBTHEBN   PJlBT    OF   HOLT   COVHTT. 

Topography, — The  northern  part  of  Holt  County  drains  northeast- 
ward to  Niobrara  River.  It  is  a  thinly  settled  region  of  over  900 
square  miles,  in  which  stock  raising  and  dairying  are  the  principal  in- 
dustrial pureuits,  especially  where  the  land  is  rough  or  sandy.  There 
is  considerable  farming  on  the  table-land  just  north  of  Stewart,  At- 
kinson, and  O'Neill.  North  of  this  table-land  the  slo|)e  to  the  Niobrara 
is  quite  perceptible,  as  there  is  a  fall  of  400  to  500  feet  in  from  15  to  25 
miles.  Tertiary  sands  form  the  broad  surface  slopes.  A  sand-hill 
area  5  to  8  miles  wide,  but  with  indefinite  boundaries,  lies  just  south 
of  Niobrara  River  and  extejids  across  the  northern  part  of  the  county. 
The  surface  sands  and  gravels  here  were  derived  in  part  from  the 
Tertiary  sands  and  in  part  from  materials  brought  into  the  region  by 
Niobrara  River  when  it  flowed  at  a  higher  level.  Beneath  the  sandy 
formations  the  whole  region  is  underlain  by  Pierre  clay,  which  comes 
to  the  surface  along  the  Niobrara  and  along  the  lower  courses  of  the 
principal  creeks,  forming  steep  slopes. 

The  main  stream  is  Niobrara  River.  Its  principal  tributaries  in 
this  county  are  the  Redbird,  Eagle,  Big  Sandy,  and  Beaver  creeks, 
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all  of  which  head  in  the  table-land  and  flow  northeastward  to  the 
river.  They  are  fed  principally  by  springs  and  flow  all  the  year,  the 
run-off  not  being  much  affected  by  the  average  rain  or  by  dry  weather. 
The  streams  vary  in  length  from  about  15  to  30  miles,  and  the  grade 
varies  but  is  generally  steep.  The  valleys  are  narrow  and  semicylin- 
drical  in  form  at  the  edge  of  the  table-land,  wider  and  more  mature 
across  the  Tertiary  slopes,  and  more  deeply  trenched  in  the  outcrop 
zone  of  Pierre  clay.  The  stream  water  is  used  principally  for  stock 
and  to  some  extent  for  domestic  purposes. 

Water  power. — ^None  of  the  creeks  have  been  gaged,  but  it  is  evi- 
dent that  they  would  afford  much  water  power,  and  the  conditions  are 
such  that  power  could  be  easily  and  cheaply  developed.  There  are 
favorable  places  for  inexpensive  dams  along  all  of  the  creeks,  while 
on  some  of  the  principal  creeks  there  are  numerous  power  sites.  At 
Turner,  Mr.  William  KnoUkemper  has  a  dam  (see  PL  VII,  5,  p.  18) 
150  feet  long  and  8  to  10  feet  high,  constructed  of  brush,  clay,  and 
manure.  The  power  is  used  to  run  a  well-equipped  flouring  mill, 
with  a  capacity  of  60  barrels  a  day,  which  has  been  in  operation  for 
twenty-five  years.  The  dam  cost  but  little,  for  it  is  simply  a  crude 
breakwater  which  diverts  part  of  the  stream  into  a  mill  race.  For 
several  years  a  mill  was  operated  on  the  Big  Sandy,  near  Badger,  but 
it  was  recently  moved  to  Butte,  Boyd  County.  The  dam  and  race 
have  been  somewhat  improved  and  power  will  be  transmitted  to  the 
mill  at  Butte,  a  distance  of  7  miles. 

The  main  drawback  to  the  development  of  water  power  for  mill 
purposes  in  the  northern  part  of  Holt  County  is  in  the  lack  of  ship- 
ping facilities  for  mill  products.  However,  cheap  power  could  be 
developed  and  transmitted  to  railroad  towns  both  north  and  south. 
This  plan  ought  to  prove  feasible,  as  fuel  for  power  is  high  priced. 

Springs. — Springs  from  Tertiary  and  terrace  sands  and  gravels 
lying  on  the  impervious  Pierre  clay  are  numerous  along  all  of  the 
creeks.  They  afford  a  large  supply  of  good  drinking  water,  and  are 
used  for  domestic  purposes,  stock  water,  and  for  irrigation  when 
needed.  About  Ray  they  are  found  on  many  farms  and  occur  numer- 
ously about  Saratoga  on  a  small  tributary  of  Eagle  Creek.  Above 
Turner  on  sec.  26,  T.  32,  R.  11  W.  the  John  Donlin  Springs  seep  out 
of  the  sands.  Little  Sandy  Creek  heads  at  a  large  spring.  Near 
Phoenix  some  heavy  springs  are  used  to  irrigate  a  large  orchard,  and 
5  miles  west  of  Badger  some  strong  springs  are  used  for  irrigation 
during  dry  years.  The  Mullehan  Springs  near  Paddock  are  well 
known ;  the  water  comes  out  of  sand  and  gravel  above  the  Pierre  clay, 
forming  a  small  fall  35  feet  high.  In  this  vicinity  there  are  several 
very  strong  springs,  most  of  which  are  not  used.  Near  the  mouth  of 
Eagle  Creek  springs  supply  large  fish  ponds  and  in  dry  seasons  irri- 
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gate  from  15  to  20  acres  of  orchard  and  garden.  At  another  ranch  2 
miles  east  the  spring  water,  conducted  by  a  ditch  three-fourths  mile 
long,  is  used  for  irrigation  purposes.  The  springs  of  this  county 
could  be  used  to  greater  advantage  than  they  are  at  present,  for  in 
most  cases  they  are  high  on  the  slopes  and  might  be  piped  to  and 
through  the  houses,  which  are  generally  located  in  the  valleys  below. 
Also  it  seems  probable  that  by  boring  or  by  tunneling  the  ground 
water  at  boggy  places  not  far  below  the  table-land  could  be  tapped 
and  caused  to  flow  out  as  strong  springs. 

Shallow  wells. — Since  settlements  usually  begin  along  the  streams 
or  at  springs,  few  wells  were  put  down  until  the  country  back  from 
the  natural  water  supply  began  to  be  used,  first  for  grazing  and  later 
for  farming.  In  much  of  the  higher  area  of  the  county  sandy  forma- 
tions yield  a  suitable  supply  of  water,  usually  soft.  At  a  few  places, 
as  north  of  Middle  Branch,  the  water  is  in  fine  sand  and  is  difiicult  to 
strain.    There  are  several  blowing  wells  in  the  vicinity  of  Mineola. 

The  following  table  will  serve  to  show  the  different  well-water 
conditions : 

Reprcsentativv  well 8  of  northern  Holt  County,  Nebr, 


Owner. 

Location. 

Depth. 

Diam- 
eter. 

Depth 

of 
water. 

Remarks. 

Feet. 

Inches. 

Feet. 

O'Noill 

O'Neill 

1,400 

(«) 

1,360 

Some    bad     water.      Failure. 

Cost  13,000. 

J.M.Packard 

8ec.l2,T.29N.,R.9W. 

160 

' 

Sand  all  the  way  down,  on  high 
ground.    Uses  Cook  strainer. 

E.  II.  Loca 

Sec.  28.  T.  31,  R.  lOW.. 

60 

8 

10 

On  high  ground.    Through  57 
feet  of  sand  into  gravel. 

H.  R.  Henry 

8ec.22,T.30,  R.  low.. 

68 

10 

9 

Through  sand  and  gravel  to 
coarse  gravel.    Blowing  well. 
High  ground. 

George  Tomlison . . 

Sec.25,  T.  31,  R.  low.. 

76 

8 

12 

High  ground. 

A.  B.  Powell 

Sec.  3.  T.  31,  R.  low... 

80 

8 

8  or  9 

Do. 

A.L.Wilcox 

Sec.  18,  T.  31,  R.  12  W.. 

16 

42 

4  or  5 

In  vallev. 

Throuffh  sand  and  gravel  15  feet 
Into  Pierre  clay.  On  Red  Bird 

Mr.  McGowen 

S6C.24,  T.31,  R.  12W.. 

365 

divide. 

Henry  Lasher 

Sec.24,  T.31,  R.  12W. 

120 

8 

14 

Log :  Clay  and  sand .  25  feet  ;cUy , 
20  feet;  hard  sandy  layer,  1 
foot;  soft  decomposed  layer; 
sand. 

Dug  wen.    In  valley. 

J.  J.Schwetzer.... 

apc.36,  T.  31,  R.  12W.. 

8 

36 

A.  Dobaon, 

Sec.  12.  T.  33,  R.  12  W . . 

20 

12 

In  valley. 

Water  In  pure  white  sand  Just 
above  Pierre  clay. 

J.  F.  Green 

Sec.  9,  T.33,  R.  14W... 

18 

12 

8 

• 

Frank  Sanders 

Sec.  12.  T.33.  R.  15  W.. 

20 

10 

10 

Abundant  supply. 

William  Diisten. . . . 

Sec.  22,  T.  33,  R.  15  W . . 

90 

12   

Winslow  Bros 

Sec.  14  T.33.  R.  14  W.. 

28 

5  ;         10 

sand,  gravel. 

1 

A.  W.  Sexton. 

Sec.  33.  T.  34,  R.  14  W.. 

26 

12 

13  1 

Easily  lowered. 

'  Reduced  three  times ;  2  Inches  at  bottom. 

Artesian  wate7\— There  are  no  deep  artesian  wells  in  this  county, 
but  many  shallow  flowing  wells  are  found  in  the  southern  townships 
south  of  the  area  treated  in  this  report. 

The  deep  flow  reached  at  a  depth  of  923  feet  in  the  new  well  at 
Lynch,  Boyd  County,  should,  if  tapped  at  AVhiting  bridge,  have 
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pressure  sufficient  to  raise  the  water  75  feet  or  more  above  the  river. 
According  to  barometric  readings  this  would  lack  about  45  or  50 
feet  of  reaching  the  river  level  at  the  Badger  bridge.  But  since  there 
is  a  gradual  increase  in  pressure  to  the  west,  it  is  quite  probable  that 
a  fair  flow  could  be  obtained  at  Badger  at  a  depth  of  somewhat  over 
1,100  feet,  and  on  the  same  basis  it  appears  likely  that  the  water 
would  rise  to  the  river  level  as  far  west  as  the  mouth  of  the  Keyapaha 
River  and  probably  farther. 

BOTD  COirVTT. 

The  water  conditions  in  Boyd  County  present  considerable  variety, 
owing  to  the  diversity  of  the  geologic  formations.  These  comprise 
surface  alluvial  deposits.  Tertiary  sands,  Pierre  clay,  and  the  Nio- 
brara chalk  rock. 

Streams, — ^Missouri  River  receives  several  unimportant  tributaries 
in  the  northeastern  part  of  the  county,  draining  an  area  of  approxi- 
mately 50  square  miles  of  hilly  country.  The  Niobrara  flows  with 
steep  grade  along  the  southern  border  of  the  county,  draining  a 
narrow  district  of  approximately  125  square  miles  and  a  much  larger 
area  in  Holt  County.  This  water  is  used  for  stock  and  to  some  extent 
for  domestic  purposes,  especially  where  a  suitable  supply  can  not  be 
had  from  springs  and  wells.  Keyapaha  River,  a  tributary  of  the 
Niobrara,  flows  through  a  grazing  country  and  is  an  important 
source  of  stock  water.  The  conditions  along  this  stream  are  favorable 
for  small  power  sites.  Ponca  Creek,  though  having  but  a  weak  flow, 
drains  more  than  half  of  the  county.  Its  lower  course  is  quickly* 
aflTected  by  storm  water,  owing  to  extensive  slopes  of  gumbo,  or  Pierre 
clay.  It  heads  in  broad,  shallow  sloughs  in  Gregory  County,  S.  Dak., 
and  in  the  high  lands  of  Boyd  County  receives  small  amounts  of 
ground  water  and  a  limited  supply  from  direct  run-off.  Between 
Spencer  and  Butte  there  are  successive  terraces  at  rather  regular  inter- 
vals along  the  valley,  which  afford  a  good  supply  of  spring  and  well 
water.  Here  many  of  the  weak  tributaries  begin  in  elliptical  holes 
and  ponds  in  shallow  sloughs.  Ponca  Creek  affords  good  stock  water. 
It  has  been  used  successfully  as  a  source  of  mill  power. 

Springs. — ^The  source  of  spring  water  here,  as  in  Holt  County,  is 
the  ground  water  in  the  Tertiary  and  terrace  sands  and  gravels. 
Springs  occur  in  large  numbers;  for  example,  on  the  SE.  \  sec.  8,  T. 
S4,  R.  16  W.,  there  are  25  springs,  and  on  sec.  5,  adjoining,  a  shallow 
cut  developed  a  supply  of  water  that  flowed  a  distance  of  120  rods. 

The  supply  of  water  for  Spencer  is  obtained  from  springs  which 
come  out  of  terrace  sands  and  gravel  three- fourths  of  a  mile  north- 
west of  the  town.  The  water  is  collected  in  a  reservoir  at  the  highest 
possible  level  and  then  pumped  to  a  standpipe.    Spring  water  is  piped 
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into  a  house  in  Lynch.  All  along  Ponca  Creek  above  Bristow  springs 
issue  from  sand  just  above  clay,  and  similar  conditions  exist  along 
all  of  the  principal  streams  of  the  county,  especially  the  Keyapaha 
in  the  region  of  Twin  Buttes. 

Shallow  wells. — ^The  well-water  supply  of  Boyd  County  has  been 
reported  as  limited  and  bad,  but,  while  it  is  true  that  some  farmers 
have  to  haul  water  and  that  certain  small  towns  have  a  poor  supply, 
such  cases  are  exceptional.  Much  alkali  water  is  found  in  Pierre  clay 
areas,  but  a  large  amount  of  soft  water  is  obtained  from  Tertiary 
sand.  Many  of  the  gravels  yield  hard  water,  and  the  supply  from 
the  chalk  rock  seldom  is  satisfactory.  Since  the  central  and  eastern 
parts  of  the  county  present  a  variety  of  surface  formations,  there  are 
frequent  differences  in  the  quality  of  the  underground  water.  In  the 
area  of  Pierre  shale,  where  the  soil  often  is  satisfactory  for  crop  rais- 
ing, the  water  is  nearly  always  bad,  but  ordinarily  it  is  practicable  to 
locate  the  farm  house  on  some  other  formation  which  will  yield  good 
well  water.  In  locating  wells  it  is  advisable  to  prospect  in  sandy  soil 
with  small  augers,  and  in  sinking  it  is  best  to  stop  as  soon  as  gumbo  is 
reached,  unless  a  cemented  reservoir  is  to  be  constructed,  for  the  alkali 
is  dissolved  from  the  clay  by  the  water  while  it  stands  in  the  well.  It 
has  been  observed  that  heavy  pumping  improves  the  quality  of  water 
in  wells  sunk  through  sand  into  the  clay.  Dry  wells  are  not  numer- 
ous and  probably  they  occur  only  where  the  surface  of  the  impervious 
clay  rises  above  the  ground-water  level.  Ordinarily  such  areas  are 
of  small  extent,  and  trial  borings  will  indicate  their  limits. 

At  Butte  good  and  bad  waters  occur  within  a  few  rods.  The  water- 
bearing sands  lie  in  depressions  and  yield  a  suitable  and  an  abundant 
supply.  In  intervening  areas  the  wells  extend  into  gumbo  and  yield 
scanty  supplies  of  poor  water.  If  necessary  an  abundance  of  desir- 
able water  can  be  piped  from  wells  near  the  buttes  just  south  of  town. 
At  Monowi  the  wells  are  not  favorably  located,  and  the  result  is  un- 
satisf actor}^     The  supply  at  Gross  is  usually  good. 
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Artesian  wells. — All  of  Boyd  County  is  underlain  by  Dakota  sand- 
h^tone  containing  artesian  water,  but  only  a  limited  area  is  low  enough 
for  surface  flows.  Strong  wells  can  be  obtained  along  the  Missouri 
bottom  and  along  the  Ponca  Valley  at  least  as  far  west  as  Spencer. 
The  heavy  pressure  in  the  deep  well  recently  finished  at  Lynch  dem- 
onstrates that  there  is  a  deeper  and  stronger  flow  there,  and  prob- 
ably that  artesian  wells  can  be  had  farther  up  Ponca  Creek  and  Nio- 
brara River  than  was  formerly  supposed.  A  deep  flow  was  reached 
at  Lynch,  which  has  sufficient  pressure  to  raise  water  to  an  alti- 
tude of  1,590  feet.  This  indicates  that  a  surface  flow  can  be  obtained 
in  the  valley  below  Spencer,  at  a  depth  of  about  1,065  feet.  If  the 
pressure  increases  westward  across  Boyd  County  a  flow  may  be  had 
in  the  valley  below  Anoka  at  a  depth  of  about  1,170  feet,  and  as  far 
west  along  the  Niobrara  bottom  as  the  Badger  Bridge  and  probably 
farther.  Wells  far  to  the  west  are  more  expensive  to  bore  on  account 
of  increased  depth  and  will  afford  little  water  power. 

The  wells  at  Lynch  throw  much  light  on  the  underground  condi- 
tions. In  the  old  well,  completed  in  1900,  it  is  reported  that  at  the 
top  there  were  260  feet,  mostly  "  soapstone,"  40  feet  of  Niobrara  chalk 
rock  at  the  base  of  the  Niobrara  formation,  275  feet  of  "  soapstone  " 
with  some  hard  layers,  25  feet  of  hard  rock  and  "  sandstone  "  (pre- 
sumably Greenhorn  limestone),  20  feet  of  soapstone  and  clay,  50  feet 
of  slate  with  coaly  layers,  4  feet  of  so-called  coal,  38  feet  of  sandstone, 
30  feet  of  hard  clay  and  sandstone,  and  18  feet  of  porous  sandstone 
in  which  the  flow  began.  Other  flows  appeared  in  sandstones  below 
until,  at  797  feet,  the  flow  was  so  strong  that  work  was  discontinued. 
The  flow  was  465  gallons  a  minute,  pressure  52  pounds,  temperature 
79^°  F.,  and  diameter  6  to  4J  inches.  In  the  new  well  bored  in  1903 
a  pressure  of  85  pounds  is  reported  and  a  yield  of  3,100  gallons  a 
minute.  The  large  flow  in  the  new  well  is  somewhat  spasmodic  in 
pressure  and  it  has  also  thrown  out  considerable  sand.  It  is  to  be  used 
for  mill  power.  The  first  flow  was  at  740  feet  and  the  third  at  875 
feet ;  the  temperature  is  90°,  and  the  diameter  is  10  inches  to  350  feet 
and  8  inches  below.     This  well  is  shown  in  PI.  X. 

kicvtion  of  the  new  artesian  icell  at  Lynch,  Boyd  C&untPt  Nebr* 

Ffeet. 

Sand  and  gravel 0-  18 

Pierre  clay  (called  soapstone) 18-106 

Niobrara  chalk  rock,  sandy  and  hard  below 105-500 

Carlile  clays,  with  some  beds  of  pyrites 300-^588 

Greenhorn  limestone 588-610 

Graneros  clays  and  shales 610-700 

Dakota  sandstone  and  clay,  alternating.    B'oiir  or  five  different  flows 

rei)orted 700-923 

Total  depth  923  feet.    Altitude  of  mouth,  1,392  feet. 
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Analytes  of  waters  of  artesian  wells  at  Lynch,  Nebr,^ 
[ParU  per  million.] 


Combined  water  and  organic  matter. . 

Silica  (SiOi) 

Iron  and  alumina  (Fei  0^  and  AliOs) . 

Calcium  (Ca) 

Magnesium  (Mg) 

Sodium  (Na) 

Potassium  ( K) 

Sulphate  rad icle  ( 80«) 

Carbonate  radicle  (CO|) 

Chlorine  (Gl) 

Total  solids 


8-lnch  or 

4-tachor 

new  well. 

old  weU. 

233 

232 

56 

16 

10 

2.8 

251 

255 

30 

67 

46 

62 

12 

15 

6S2 

667 

75 

67 

74 

61 

1,474 

144 

aS.  Avery  and  A.  Jacobsen.  analysts. 

A  well  is  now  (1905)  l)eing  drilled  on  sec.  33,  T.  34,  R.  11,  near 
Rosedale,  but  the  drill  is  fast  at  a  depth  of  793  feet.  If  boring  is 
continued,  a  good  well  may  be  obtained  at  a  depth  of  1,100  to  1,200 
feet.  The  first  mill  well  at  Lynch  was  three  years  in  boring.  The 
following  altitudes,  obtained  from  the  Chicago  and  Northwestern 
Railway  and  by  the  use  of  an  aneroid  barometer,  may  be  of  value  in 
considering  the  depth  and  head  of  the  artesian  waters: 


Altitudes  on  line  of  Vhieago  and  XorthweMteni  Railway. 


Feet. 


Monowi  « 1,  322i 

Lynch  « 1,  400i 

Sl)encer  « * 1,  541^ 

Anoka  « 1,  63Si 

Fairfax,  S.  Dak.« . 1,932* 

Niobrara  River  at  Whiting  Bridge 1,502 

Niobrara  River  at  Badger  Bridge 1,635 

Missouri  River  at  Greenwood 1,220 

Missouri  River  at  Fort  Randall 1,240 

Town  of  Spencer l,&'i7 

TowA  of  Butte 1,795 

KHOX  COUNTY. 

Loess,  varying  in  thickness  from  a  few  feet  to  over  100  feet,  forms 
the  surface  over  most  of  Knox  County,  its  continuity  being  inter- 
rupted by  a  sandy  area  west  of  Verdigris  Creek,  by  a  clayey  region 
beyond  the  Niobrara,  by  sandy  sections  near  Santee,  and  by  places 
where  deeper  valleys  cut  through  to  underlying  formations.  The 
northern  and  central  parts  of  the  county  are  somewhat  hilly,  and 
lower  than  the  more  level  regions  to  the  south  and  southeast.  There 
is  considerable  bottom  land  along  the  Missouri  and  the  Niobrara. 
The  chalk  rock  so  prominently  exposed  along  the  Missouri  extends 
southward  under  the  Pierre,  Tertiary,  Glacial,  and  loess  deposits. 

•  Base  of  rnll  at  station. 
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In  much  of  the  county  the  Pierre  clay  and  Niobrara  chalk  rock,  which 
usually  afford  an  inferior  supply  of  water,  are  deeply  buried  by  other 
formations  and  are  not  reached  in  ordinary  wells.  Except  for  an 
area  of  about  60  square  miles  draining  south  to  Elkhom  River,  the 
general  slope  and  drainage  is  northward  to  the  Missouri. 

Streams  and  water  power. — The  Missouri  is  the  most  important 
stream;  it  flows  along  the  northern  margin  of  the  county  and  is 
often  the  source  of  local  water  supply.  The  Niobrara  River  re- 
ceives 7  tributaries  of  some  importance  from  the  south,  but  prac- 
tically none  from  the  north.  Verdigris  Creek,  with  a  drainage 
basin  of  about  250  square  miles,  is  one  of  the  best  water-power  streams 
in  northern  Nebraska,  gaging  ab6ut  105  second-feet  and  flowing 
throughout  the  year.  A  mill  is  successfully  run  by  water  power  from 
this  stream  at  the  town  of  Verdigre;  the  dam  is  constructed  of 
greenish  quartzite  obtained  6  or  7  miles  southwest.  Several  other 
good  power  sites  exist  between  Verdigre  and  Niobrara  River. 

Bazile  Creek  closely  resembles  the  Verdigris  in  character,  but  has 
a  drainage  basin  in  the  center  of  the  county,  of  about  400  square 
miles  in  area.  Much  of  the  power  here  is  not  favorably  located  with 
respect  to  railroads,  but  it  might  be  transmitted  to  Creighton, 
Bloomfield,  Winnetoon,  and  other  towns.  There  are  two  well-con- 
structed dams  along  the  creek,  one  at  the  Bazile  mill  and  the  other 
at  the  lower  Bazile  mill  (see  PL  XI,  B).  Each  dam  has  a  fall  of 
about  12  feet  and  is  made  of  greenish  quartzite  and  each  supplies 
water  for  60-barrel  flouring  mill.  Farther  downstream  numerous 
favorable  power  sites  could  be  located. 

Frankf orter  Creek,  frequently  called  Weigand  Creek,  in  the  north- 
eastern part  of  the  county,  is  too  weak  for  power,  especially  during 
the  drier  months. 

Sjri^ngs. — The  rainfall  accumulates  as  ground  water  in  the  loess 
and  sand  and  gravel  deposits,  arid  from  these  springs  issue,  especially 
at  the  contact  with  impervious  beds.  Many  flow  from  the  outcrop- 
ping edge  of  the  top  of  the  Pierre  clay,  which  ext-ends  along  the  sides 
of  the  valley  slopes.  Talus  from  later  formations  often  covers  the 
clay  more  or  less  in  the  outcrops  and  sometimes  carries  the  spring 
water  to  lower  levels.  In  some  parts  of  the  county  the  upper  surface 
of  the  clay  is  very  uneven  as  a  result  of  erosion. 

As  in  adjacent  counties  the  number  of  springs  is  very  great,  prac- 
tically every  little  ravine  along  the  Niobrara,  Verdigris,  and  Bazile 
valleys  being  fed  by  a  spring,  large  or  small.  Only  a  few  can  be 
noted:  Springs  just  southwest  and  northwest  of  Verdigre  could  be 
piped  to  furnish  an  abundance  of  water  for  the  town.  The  La  Mont 
Springs,  about  2  miles  south  of  Niobrara,  are  quite  strong.  A  spring 
at  the  place  of  R.  F.  Stout,  sec.  5,  T.  80,  R.  5  W.,  south  of  Center,  is 
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piped  some  350  yards  to  a  hydrant  at  the  house ;  the  water,  tempera- 
ture 55^®  F.,  issues  from  the  base  of  coarse  sand  at  the  clay  contact, 
at  an  altitude  of  about  1,525  feet,  or'  35  feet  above  the  hydrant. 
A  notably  heavy  spring  is  located  1^  miles  southeast  of  Center.  A 
small  spring  near  the  creek  at  the  lower  Bazile  mill  yields  a  good 
quality  of  drinking  water ;  the  flow  is  7  gallons  per  minute,  and  the 
temperature  54^°.  Several  springs  are  found  along  the  Frankforter 
Creek;  one  at  Weigand  affords  a  good  supply  of  water  for  a  public 
watering  place,  stock,  and  house  use. 

Shallow  wells. — North  of  Niobrara  and  in  the  Ponca,  basin  the 
shallow-water  conditions  are  very  variable;  the  best  supplies  are 
obtained  from  irregular  areas  of  sand  and  gravel  on  the  divides  and 
from  the  flood-plain  deposits.  In  the  southwestern  part  of  the  county 
water  is  derived  from  Tertiary  sands  in  wells  from  100  to  200  feet 
deep.  In  the  central,  southern,  and  eastern  portions  good  water  is 
obtained  in  gravel,  which  often  lies  175  feet  deep  on  high  ridges  and 
table  lands,  and  20  to  35  feet  in  the  old  northwest-southeast  valley  • 
extending  from  Verdigris  Creek  past  Winnetoon  and  Creighton  to 
the  southeast.  At  a  few  places  Tertiary  sands  rise  above  the  gravel 
beds  and  afford  a  supply  at  less  depths.  Many  blowing  wells  are 
found  in  Tps.  29  and  30,  Rs.  2,  3,  and  4. 

The  Pierre  clay  has  not  been  reached  in  wells  over  200  feet  deep  on 
the  high  lands  south  of  Bloomfield,  which  indicates  a  great  thickness 
of  post-Cretaceous  formations,  many  of  them  water-bearing.  Over 
much  of  the  eastern  half  of  the  county  two  gravel  beds,  separated  by 
clay  and  sand,  are  encountered,  except  where  they  have  been  removed 
by  erosion  or  where  Tertiary  sands  rise  above  them. 

In  this  county,  as  elsewhere,  the  water  derived  from  wells  extend- 
ing into  the  Pierre  clay  and  the  Niobrara  chalk  rock  usually  contains 
much  alkali,  unless  the  beds  have  lost  their  soluble  matter  by  leach- 
ing. Usually,  not  far  from  places  underlain  by  these  formations, 
good  water  may  be  obtained  from  alluvial  or  other  sands. 

Artesian  wells. — ^Large  supplies  of  artesian  waters  are  available  in 
all  of  the  lower  lands  of  the  county,  and  in  many  places  the  conditions 
are  favorable  for  high-pressure  wells.  The  mill  well  at  Niobrara, 
used  so  successfully  for  power,  indicates  that  such  wells  might  be  ob- 
tained at  many  points  on  the  Missouri,  Niobrara,  and  Ponca  bottoms. 
With  little  doubt  one  or  more  stronger  flows  can  be  had  at  a  slightly 
greater  depth,  and  an  attempt  is  now  being  made  at  the  Niobrara  mill 
to  reach  one  of  these;  the  last  report  (1905)  indicates  slow  progress 
in  the  drilling  and  a  depth  of  500  feet. 
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A  new  well  is  soon  to  be  put  down  at  the  Santee  Agency.  The  old 
well  there,  which  has  been  used  successfully  for  mill  power,  irrigation, 
fire  protection,  and  general  water  supply,  is  now  of  little  use  (see  PL 
XI,  J.),  because  the  casing  has  rusted  oflf  2  or  3  feet,  below  ground. 
The  large  well  at  the  school  afforded  clear  water  for  about  two  weeks 
when  finished,  and  the  volume  was  at  first  over  2,000  gallons  per  min- 
ute. After  a  while  it  began  throwing  out  sand  and  shale,  and  the 
flow  ceased  entirely  a  few  times  but  was  started  again  each  time  by 
cleaning.  At  present  the  pressure  is  26^  pounds  at  the  mouth  of  the 
well,  which  is  105  feet  above  Missouri  River.  In  this  well  trouble 
was  experienced  with  the  casing  at  a  depth  of  about  500  feet.  The 
present  water  supply  is  thought  to  come  principally  from  the  first 
flow.  Wells  in  the  northeastern  part  of  the  county  have  decreased  in 
pressure  and  flow,  principally  because  they  were  not  properly  cased. 

Attempts  to  get  wells  on  high  lands  have  failed  because  of  the  alti- 
tude, the  pressure,  though  strong  in  the  water-bearing  beds  below,  not 
being  sufficient  to  force  the  water  to  the  height  necessary. 

Record  of  toell  at  the  packing  house,  Niobrara,  on  the  Missouri  bottom,  sec.  8, 

T.  32,  R.  6  W. 

Feet. 

Soil  and  sand 0-  70 

Niobrara  chalk  rock ^ 70-200 

Clays  and  shales  with  thin  beds  of  iron  pyrites  (Carlile) 200-410 

Limestone  (Greenhorn)   410-442 

Clay  and  shale  (Graneros) 442-520 

Dakota  sandstone  and  clay 520-600 

Record  of  small  well  at  the  school,  Santee,  Nebr.,  sec,  J3,  T.  33,  R,  5  W. 

[Mouth  of  well  143  feet  above  the  Missouri  River.] 

Feet. 

Son  and  sand 0-23 

Pierre  clay 23-35 

Niobrara  chalk  rock : 35  _240 

Clay,  shale,  and  thin  beds  of  iron  pyrites  (Carlile) 240  -445i 

Umestone  (Greenhorn)   ^ 445^-502 

Clay  and  shale  (Graneros) 502  -000 

Dakota  sandstone GOO  -604 

Record  of  John  Lytic  well,  sec,  19,  T.  33,  R.  2  TT.,  Nebraska. 

[Mouth  about  70  feet  above  the  Missouri  River.] 

Feet. 

Soil 0-     6 

Niobrara  chalk  rock 6-  88 

Clays  and  shales  with  hard  beds  (Carlile) : 88-380 

Limestone  (Greenhorn)   380-400 

Clay  and  some  shale  (Graneros) 400-490 

Dakota  sandstone  and  clay  (second  flow) 49O-530 
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OEDAB  comrxY. 

The  most  extensive  surface  deposit  in  Cedar  County  is  the  loess, 
below  which  lie  Quaternary  and  Tertiary  sands,  clay,  and  gravel.  Of 
the  Cretaceous  formations  only  a  few  detached  areas  of  Pierre  clay 
occur,  while  Niobrara  chalk  rock  underlies  all  of  the  coimty,  either 
beneath  later  formations  or  at  the  surface.  The  other  members  of 
the  Cretaceous  exposed  along  the  Missouri  lie  at  lower  levels  beneath 
the  chalk. 

The  surface  of  the  county  is  for  the  most  part  gently  rolling,  with 
drainage  to  the  northeast  and  southeast.  The  principal  streams, 
aside  from  the  Missouri,  are  Bow  and  West  Bow  creeks,  which  con- 
verge north  of  St.  James.  The  southern  and  southeastern  townships 
are  drained  by  Logan  Creek. 

Sp^rings. — ^The  big  springs  near  Coleridge  were  well  known  in  the 
early  history  of  the  county  as  a  watering  place  for  immigrants. 
Curlew  Springs,  issuing  from  banks  beneath  the  drift  in  a  boggy 
slough,  are  also  well  known.  The  Frank  Hochstein  Spring  on  sec. 
8,  T.  32,  E.  2,  is  perhaps  the  finest  in  the  county.  It  is  located  at  the 
foot  of  a  loess-capped  hill  and  the  water  boils  up  from  a  circular  hole 
the  depth  of  which  has  not  been  ascertained.  The  flow  is  between  400 
and  500  gallons  per  minute,  which,  according  to  the  owner,  has  not 
changed  in  thirty-eight  years.  The  water  deposits  some  iron  and  on 
that  account  is  usually  regarded  as  coming  from  the  artesian  supply. 
The  temperature  is  only  50^°.  The  water  is  used  for  drinking,  do- 
mestic and  dairy  purposes,  and  stock. 

Shallow  wells, — In  this  county  there  is  usually  an  abundance  of 
good  water  available  in  shallow  wells,  from  Tertiary  and  Glacial 
sands  and  gravels.  In  some  localities  the  wells  extend  into  the  chalk 
rock,  which  gives  very  hard  water  but  contains  less  alkali  than  farther 
west,  the  formation  appearing  to  be  leached  out  in  this  county.  Not 
many  shallow  wells  are  found  along  the  Missouri  bottom,  the  water 
supply  there  being  derived  from  artesian  wells. 

The  depth  of  common  or  shallow  wells  is  controlled  to  a  consider- 
able degree  by  the  topography.  In  the  broad  valleys  water  is  ob- 
tained at  a  depth  of  a  few  feet,  usually  from  10  to  40,  while  on  some 
of  the  intervening  ridges  and  high  lands  the  depth  to  it  is  considerably 
greater. 

About  Hartington  the  depths  vary  from  about  15  to  35  feet  and  at 
Coleridge  from  20  to  45  feet. 
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Represeniative  shallow  wells  of  Cedar  County,  Nebr, 


OvmvT. 

Location. 

Depth. 

Diam- 
eter. 

Depth 
of  wa- 
ter. 

Quality.             Remarks. 

Chas.  Clark 

James  Marsh 

Town  well 

ir.  Wubben 

CarlDoeUer 

L.  P.  Lauretzen... 
Ernest  Ferber 

Sec  21,  T.  33  N.,  R.1  W. 
8ec.l6,T.33,R.lW.... 
8ec.l6,T.33,R.lW.... 

NEJsec.23,T.33,R.lE. 

Sec.36,T.33,  R.1E.... 

8ec.26,T.a2,R.2E 

Sec.l,T.31,R.2E 

8ec.9,T.29,R.2E 

Sec.l8,T.29,R.3E 

Sec.34,T.30,R.3E 

Feet. 
60 

72 

70 

100 

50 

50 
36 

13 
55 

Inches. 
24 

24 

60 

•  36 

48 

48 
2 

39 
2i 

30 

Feet. 
15 

20 

11 

2 
10 

Hard,... 
....do... 
Medium 

Hard.... 

....do... 
....do... 

Sou,  day  20-30  feet: 

chalk  rock. 
Good  drinking;  soil, 

day;  chaik  rock. 
Sou  to  12  feet:  sand: 

SOU;    grayel    with 

water. 
SoU;  loess  aofeet: red 

chalk  rock  20  feet: 

blue  chalk  48  fbet. 
SoU;    loess    44    feet: 

chalk. 

Black  dirt  3  feet;  sand 

W.H.Hlght 

EdFiscuB. 

9 

Medium. 
Hard... 

....do... 

22     feet;     balance 

gravel. 
Sou,  gumbo;  sand  in 

bottom. 
Soil,   sUty;  loess   51 

R.  C.Chase 

feet:      aand     with 

water  at  bottom. 

Loess,     sand,      and 

Kravel;  is  60  feet  be- 
low highest  hUls. 

Artesian  wells. — There  are  nearly  100  flowing  artesian  wells  in 
Cedar  County,  all  of  which  are  either  along  or  near  the  Missouri  bot- 
tom. Their  distribution  is  shown  on  PL  IX  (in  pocket),  and  most  of 
their  features  are  given  in  the  table,  page  47.  In  addition  to  these 
there  are  many  tubular  wells  on  the  highlands  to  the  south,  some  of 
which  flowed  for  a  short  time.  The  supply  in  these  tubular  wells 
comes  from  the  artesian  water  in  the  Dakota  sandstone  and  rises  as 
high  in  these  wells  as  it  would  in  pipes  at  artesian  wells  on  the  Mis- 
souri bottom.  Mr.  Chamberlain,  who  drilled  most  of  the  wells  in 
Cedar  County,  states  that  flowing  wells  can  be  had  up  West  Bow 
Creek  for  7  miles  and  up  Bow  Creek  for  6  miles  from  the  river.  Be- 
yond that  distance  they  cease  to  flow. 

This  important  resource  should  be  protected  by  more  careful  cas- 
ing of  wells ;  all  should  be  cased  to  the  cap  rock  and  kept  under  con- 
trol at  the  surface.  As  it  is  there  is  an  enormous  loss  by  under- 
ground leakage  and  the  waste  of  flows  on  the  surface. 

Record  of  artesian  well  at  8t.  Helena,  Nebr, 

Pect. 

Chalky  Umestone 0-  2o 

Shale    2J>-  59 

Dark  blue  clay 59-329 

Shale    32^-369 

Black  Bhale  with  hard  layers  and  lignite  6  Inches  thick  at  399  and  4J8 

feet 369-418 

Sand  with  flow,  underlain  by  clay 418-466 
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DzxoK  couirrT. 

The  southwestern  part  of  Dixon  County  resembles  adjacent  parts 
of  Cedar  County  in  topography,  structure,  and  water  conditions.  In 
most  other  portions,  except  on  the  bottom  land  and  along  the  bluffs 
on  the  Missouri,  loess-covered  hills  predominate.  The  amount  of  sand 
and  gravel  beneath  the  loess  appears  to  decrease  to  the  northeast.  The 
northwestern  part  of  the  county  is  underlain  by  Niobrara  chalk  rock. 
Glacial  clay  appears  to  be  more  widely  distributed  than  in  Cedar 
County. 

Very  little  difficulty  is  experienced  in  obtaining  a  good  supply  of 
water,  the  Benton  clays  being  the  only  beds  that  yield  well  water 
unfit  for  use.  The  principal  water-power  stream,  the  Aowa,  is  not 
strong,  but  inexpensive  dams  at  Ponca  and  Martinsburg,  constructed 
of  brush,  stone,  and  soil,  afford  water  power  for  flouring  and  grist 
mills. 

Springs. — ^Many  springs  occur  in  the  county,  one  of  the  most  not- 
able of  which  is  at  VVaterbury,  where  the  flow  has  been  used  for 
locomotives.  The  water  here  rises  from  a  considerable  depth  into  a 
large  circular  basin  near  the  station.  One-half  mile  south  a  similar 
spring  45  feet  across  and  20  feet  deep,  flows  between  300  and  400  gal- 
lons of  water  a  minute,  never  freezing  over  during  winter. 

The  Hurley  Springs,  about  5  miles  west  of  Martinsburg,  come  out 
of  sands  above  bowldel*  clay  at  an  altitude  of  1,425  feet.  South  of 
this  place  there  is  a  general  seepage  from  the  slope  at  an  altitude  of 
1,500  feet. 

Shallow  wells. — Much  of  the  domestic  \«^ater  supply  is  from  very 
shallow  wells,  which  are  affected  somewhat  by  dry  weather.  In  sev- 
eral localities  the  water  table  comes  so  near  the  surface  that  flowing 
wells  might  be  had.  One  well  45  feet  deep,  at  the  stock  yards  in  Allen, 
overflows.  At  Allen  the  water  rises  to  within  12  feet  of  the  surface, 
from  a  bed  of  gravel  which  lies  at  a  depth  of  70  feet.  The  following 
i-epresontative  wells  show  the  prevailing  conditions  in  this  county : 


Digitized  by  VjOOQ IC 


WAIEB  BES0UBCE8,  BY  COUNTIES. 


61 


s 


-5 


5 


pe?'« 


g  ssg9ss:s^§g3^  s 


='§?^*gs? 


r^     1- 


:sg  f:   9;f3$;i:gl8SS^g   g 


S  o  8  $  4 
OOQOQQQal 


^8 

^1 


:  Htf**l 


w   wag  '88^1^1   w 


pill 


Digitized  by 


Google 


52  MISSOURI   VALLEY,  NOBTHBASTEBN    NEBRASKA. 

Artesian  wells. — ^There  are  a  few  artesian  wells  on  the  bottom 
lands  in  the  northern  part  of  the  county.  If  wells  were  sunk  to  the 
lower  beds  of  the  Dakota  formation  and  carefully  cased,  flows  could 
be  had  several  miles  farther  southeast.  There  are  also  a  number  of 
deep  tubular  wells  located  on  high  land  south  of  the  Missouri  bottom. 
The  following  wells  are  now  flowing: 
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DAKOTA  OOITKTT. 

Dakota  County  resembles  Dixon  in  configuration  but  includes  a 
much  wider  area  of  bottom  lands  along  the  Missouri.  Its  uplands 
are  deeply  trenched  by  the  small  valleys  of  many  watercourses,  with 
the  intervening  ridges  or  plateau  remnants  thickly  capped  by  loess. 
Cretaceous  rocks  from  Dakota  to  Greenhorn  appear  in  the  slopes 
and  often  present  extensive  outcrops.  The  Missouri  bottom  land  is 
thickly  floored  by  alluvial  deposits. 

The  principal  stream  is  Missouri  River,  which  defines  the  eastern 
boundary.  There  are  several  creeks  of  moderate  size,  the  most  not- 
able of  which  is  Elk  Creek,  a  stream  which  flows  with  a  remarkably 
crooked  course  north  from  Emerson  to  Goodwin,  then  east  and  south- 
east to  Jackson,  and  finally  southeast  and  east  to  the  river  northeast 
of  Homer.  There  is  much  surface  water,  but  the  principal  water  sup- 
plies are  from  the  numerous  springs  and  shallow  wells. 

Spnngs. — Many  springs  issue  from  the  Dakota  sandstone,  which 
outcrops  from  above  Jackson  to  the  southeastern  part  of  the  county. 
These  afford  an  abuhdance  of  good  cool  water  for  drinking,  domestic 
purposes,  and  stock.  A  spring  in  sec.  24,  T.  28  N.,  R.  8  E.,  2  miles 
northwest  of  Homer,  has  been  used  for  forty-eight  years  for  domestic 
supply  and  as  a  public  watering  place.  It  flows  6  gallons  a  minute, 
with  a  temperature  of  51°. 

The  Miller  Spring,  a  short  distance  northwest  of  Homer,  is  piped 
from  a  tile  sunk  in  the  sand ;  part  of  the  flow  fills  a  1-inch  pipe. 

At  a  ranch  a  half  mile  north  of  Homer  the  sand  rock  has  been  dug 
into  and  a  reservoir  walled  up,  from  which  runs  enough  water  to  fill 
a  2-inch  pipe.  A  half  mile  north  of  this  place  there  is  one  of  the 
strongest  springs  in  the  vicinity,  and  about  6  miles  southwest  of  Jack- 
son there  are  two  very  strong  springs. 

^Vells. — Underground-water  conditions  are  much  the  same  as  in 
Dixon  County,  except  that  the  Dakota  sandstone  rises  nearer  to  the 
surface  and  is  easily  reached  by  tubular  wells.  There  are  no  artesian 
wells  in  the  county ;  the  artesian  water  reached  in  such  wells  farther 
west  issues  here  as  springs. 

The  following  is  the  record  of  a  tubular  well  on  high  ground  6 
miles  southwest  of  Jackson :  Loess,  90  feet ;  sand  and  hard  spongy 
clay,  6  feet;  dark  clay  with  a  bed  of  limestone  near  the  middle,  156 
feet;  sand  rock  with  good  water,  6  feet. 

Wells  on  or  near  the  bluffs  between  Jackson  and  Homer  are  usually 
80  to  100  feet  deep,  but  several  in  Jackson  are  deeper.  The  Ashford 
well  at  Homer  is  184  feet  deep.  The  supply  is  usually  good,  but  in 
the  Ashford  well  the  water  is  poor  on  account  of  improper  casing 
through  clay  beds  which  carry  soluble  salts.  On  the  bottom  lands 
the  depth  to  the  first  water  varies  from  20  to  25  feet,  but  at  35  feet 
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the  water  is  usually  poor.  Formerly  most  wells  were  drilled  to  the 
greater  depth,  but  now  they  are  driven  to  the  first  water.  According 
to  reports  by  well  drillers  the  alluvium  southeast  of  Jackson  is  from 
80  to  100  feet  deep.  A  steady  supply  of  good  drinking  water  is  ob- 
tained at  Homer  in  a  well  40  feet  deep.  In  the  southwestern  part  of 
the  county  wells  are  very  shallow,  but  yield  inexhaustible  supplies. 

AGRICULTURAL   RESOURCES. 

SOILS. 

The  soils  of  the  region  are  of  several  types,  having  been  formed  by 
various  agencies  acting  on  rocks  of  diflFerent  kinds ;  most  of  them  are 
closely  related  to  the  underlying  formations.  Much  of  the  eastern 
and  central  parts  of  the  area  lies  in  the  fertile  loess  region,  where  the 
soil  is  deep  and  easily  worked,  receives  and  holds  moisture  well,  and 
yields  heavy  crops  on  both  hilly  and  level  lands.  The  alluvial  bottom- 
land or  flood-plain  soil  is  also  fertile  and  easily  tilled,  but  in  the 
lowest  areas  fields  are  often  damaged  by  high  waters  and  by  shifting 
of  the  river  channel.  The  heavy  Pierre  clay,  or  gumbo  soil,  is 
especially  extensive  in  Boyd  County;  it  contains  some  alkali  and 
often  affords  bad  water,  but  usually  produces  good  grass  and  heavy 
yields  of  com,  oats,  and  wheat,  especially  where  the  clay  is  mixed 
with  sand.  The  sandy  upland  soils  in  Cedar,  Knox,  Holt,  and 
western  Boyd  counties  stand  droughts  well  and  are  gradually  being 
utilized. 

CROPS. 

The  principal  crops  are  hay,  corn,  w^heat,  and  oats,  but  alfalfa  and 
sugar  beets  are  also  successfully  grown.  Mixed  farming  is  practiced 
generally,  except  at  points  where  the  land  is  too  sandy,  or  the 
topography  is  not  favorable.  Every  county  has  a  large  acreage  of 
hay  land;  in  Cedar  County  this  crop  is  grown  principally  along 
broad  creek  basins.  While  com  grows  well  throughout  most  of  the 
region,  it  does  best  at  certain  points  on  the  Missouri  bottom.  The 
heaviest  yield  of  oats  per  acre  in  1903  was  in  Boyd  County,  southeast 
of  Spencer,  and  near  Gross.  Grain  elevators  are  found  at  every 
railroad  station.  The  reported  acreage  of  the  principal  grain  crops  in 
1902,  not  including  Holt  County,  was  as  follows:  Corn,  279,055; 
wheat,  105,981;  oats,  115,958;  rye,  12,G80;  barley,  4,877. 

STOCK   RAISING  AND  DAIRYING. 

One  of  the  most  important  industries  in  the  region  is  cattle  raising, 
and  in  many  localities  wide  areas  are  used  for  grazing,  especially 
where  the  land  is  too  rough  or  too  sandy  for  farming.  The  prin- 
cipal pasture  lands  are  in  the  northern  part  of  the  Santee  Indian 
Reservation  in  Knox  County,  in  southwestern  Knox  County,  in  the 
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sandy  and  rough  portions  of  Holt  and  western  Boyd  counties,  and 
on  the  bluff  and  ravine  lands  along  Missouri  Siver.  Hogs,  sheep, 
and  horses  are  also  raised  in  large  numbers. 

Dairying  has  attained  an  important  place  in  the  economy  of  the 
region.  Cream  is  shipped  from  nearly  all  the  railroad  stations.  Holt 
County  leading  in  its  production  in  the  State  of  Nebraska. 

TIMBER. 

The  timber  growth  is  of  considerable  importance  in  most  of  the 
counties.  It  occurs  mostly  along  the  river  and  creek  bottoms  and  up 
many  ravines.  The  principal  trees  of  economic  importance  are  Cot- 
tonwood, bur  oak,  elm,  and  scattering  walnut ;  some  of  these  are  as 
much  as  4,  5,  or  even  6  feet  in  diameter.  The  timber  is  used  for 
posts,  firewood,  lumber,  frames,  and  bridges.  Sawmills  operate  at 
a  number  of  points,  as  north  of  St.  Helena,  northwest  of  St.  James, 
on  Brooky  bottom,  and  west  of  Aten.  The  sawmills  obtain  their 
timber  principally  from  caving  banks  along  the  rivers,  where  the 
timber  would  be  rapidly  destroyed  if  not  removed.  The  bur-oak 
growth  is  thickest  in  northern  Dixon  and  Cedar  counties,  where  it  is 
cut  into  posts  for  which  there  is  much  demand.  Timber  cutting 
begins  about  September  and  lasts  during  the  autunm  and  winter. 
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GEOLOGY  AND  WATER  RESOURCES  OF  REPUBLICAN 
RIVER  VALLEY  AND  ADJACENT  AREAS  NEBRASKA. 


By  G,  E.  CoNDRA. 


INTROI>ITCTION, 

The  region  described  in  this  report  is  the  portion  of  southern  Ne- 
braska lying  between  latitude  40°  and  40°  20'  and  longitude  97°  and 
102°.  It  is  22J  miles  wide  and  272^  miles  long,  and  comprises  an 
area  of  about  6,199  square  miles.  As  shown  in  PL  I,  it  includes  the 
greater  part  of  10  counties,  which  are,  from  east  to  west,  Jefferson, 
Thayer,  Nuckolls,  Webster,  Franklin,  Harlan,  Furnas,  Redwillow, 
Hitchcock,  and  Dundy.  They  lie  along  the  Kansas  border,  extend- 
ing from  the  vicinity  of  Fairbury  westward  to  the  Colorado  State 
line. 

This  report  is  the  result  of  general  observations  made  during  several 
consecutive  seasons  and  of  special  field  studies  made  by  the  writer 
under  the  direction  of  X.  II.  Darton  during  the  summer  of  1904. 
Considerable  information  concerning  this  region,  collected  by  the 
Nebraska  geological  survey,  has  been  furnished  by  Prof.  E.  H. 
Barbour.  Numerous  well  records  have  l)een  given  by  well  drillers, 
business  men,  coimty  superintendents,  and  teachers.  The  writer  is 
also  indebted  to  Messrs.  U.  G.  Cornell,  George  A.  Loveland,  J.  C. 
Stevens,  E.  N.  Averill,  N.  J.  Allen,  and  F.  A.  Carmony  for  valuable 
information. 

Topogi-aphic  maps  are  available  for  a  portion  of  this  area,  the  fol- 
lowing sheets  having  been  published  by  the  United  States  Geological 
Survey:  Hebron,  Superior,  Red  Cloud,  Holdrege,  and  Arapahoe. 
The  topography  for  the  remainder  of  the  area  has  been  compiled  from 
barometer  readings  and  railroad  data. 
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0  REPUBLICAN   VAU^EY   AND   ADJACENT   AREAS,  NEBRASKA. 

GKOGRAPHY. 

TOPOGRAPHY. 

The  area  covered  by  this  report  is  part  of  the  Great  Plains.  It 
extends  over  portions  of  three  fairly  distinct  physiographic  regions — 
the  high  plains  or  table-lands,  the  loess  plains  or  prairies,  and  the 
sand  hills,  each  region  possessing  characteristic  topography  and 
drainage. 

The  general  slope  of  the  higher  plains  or  upland  surface  is  eastward 
from  an  altitude  of  about  3,000  feet  in  the  western  part  of  Dundy 
County  to  about  1,400  feet  in  the  eastern  part  of  Jeflferson  County,  at 
an  average  rate  of  about  8  feet  to  the  mile.  The  lowest  altitudes  are 
along  the  valleys  in  Jeflferson  County,  being  less  than  1,250  feet  south 
of  Steele  City.  In  most  of  the  area,  except  in  the  sand  hills,  the 
topography  has  been  develoj^ed  by  the  action  of  running  water,  but 
in  Jefferson  County  the  great  ice  sheet  of  the  Glacial  eix)ch  was  an 
important  factor  in  shaping  the  surface  and  developing  its  drainage. 

The  loess  plains  are  relatively  smooth  and  in  greater  part  have 
practically  no  surface  drainage,  but  where  they  are  cut  into  by  water 
courses  there  are  deep  canyons  bordered  by  precipitous  walls.  Some 
of  these  canyons  are  long  and  deep,  notably  Trail  Canyon,  4  miles 
east  of  Haigler,  where  there  is  a  fall  of  300  feet  in  a  distance  of  less 
than  2  miles. 

The  sand  hills,  which  are  an  outlying  ar.^.a  of  the  great  sand-hill 
region  of  Nebraska,  extend  from  the  north-central  part  of  the  State  to 
its  southwestern  corner.  The  largest  district  treated  in  this  report  is 
in  Dundy  County  north  of  Republican  River  and  west  of  Rock 
Creek.  The  characteristic  topographic  forms  are  rounded  sand  dunes, 
sand  ridges,  blow-outs,  dry  valleys,  and  basins,  with  no  run-off  water 
except  at  the  edge  of  the  hills.  Water  often  collects  in  some  of  the 
basins  during  the  rainy  season,  forming  small  lakes. 

DRAINAGE. 

The  principal  streams  in  the  area  are  Republican  and  Little  Blue 
rivers.  The  course  of  the  former  corresponds  in  direction  with  the 
general  eastward  slope  of  the  country.  Its  bed  lies  200  to  400  feet 
below  the  bordering  uplands,  and  its  valley  slopes,  though  generally 
rough,  vary  somewhat  in  character  from  place  to  place,  according  to 
the  varying  nature  of  the  geologic  formations  which  the  stream 
traverses.  The  valley  itself  and  the  valleys  of  the  tributaries  are 
generally  wide  and  bordered  by  a  definite  system  of  terracas. 

The  valley  of  Little  Blue  River  is  nearly  as  wide  as  that  of  the 
Republican,  but  is  somewhat  shallower,  and  its  direction  is  diagonal 
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CLIMATE.  9 

to  the  general  eastward  slope  of  the  surface.  Near  Powell  it  turns 
southward  at  right  angles  to  its  first  course,  a  change  possibly  due  to 
the  former  presence  of  the  glacier  in  this  vicinity. 

CLIMATE. 
TEMPERATURE. 

The  mean  annual  temperature  in  Jefferson  County  and  in  most  of 
the  region  as  far  west  as  Hitchcock  County  is  about  51°,  but  farther 
west  it  decreases  to  an  average  of  50°.  The  warmest  month  is  July 
and  the  coldest  January.  East  of  Furnas*  County  the  number  of 
days  without  frost  during  the  year  varies  from  155  to  165.  The 
latest  frost  of  spring  occurs  between  April  25  and  May  1,  and  the 
first  frost  of  autuoin  about  October  1.  In  Furnas  County  and  the 
remaining  area  to  the  west  the  average  number  of  days  without  frost 
varies  from  145  to  150.  The  latest  frosts  of  spring  occur  between 
May  1  and  May  5,  and  the  earliest  of  autumn  between  September  25 
and  October  1. 

RAINFALL. 

The  average  annual  rainfall  at  eight  stations  is  shown  in  fig.  1. 
The  stations  are  located  at  regular  intervals  from  east  to  west  across 
the  area,  but  the  time  during  which  records  have  been  kept  at  the 
diflferent  stations  varies  in  length  from  eleven  to  twenty-eight  years. 
The  heaviest  rainfall  is  in  May,  June,  and  July,  with  light  precipi- 


Vm.   L — Diagram  showing  the  decrease  of  mean  annual   rainfall   from  east   to  west  in 

southern   Nebraska. 

tation  during  the  winter  months.  The  snowfall  is  slight,  especially 
in  Dundy  County,  but  farther  east  it  increases  somewhat  in  amount. 
In  the  summer  occasional  hailstorms  occur  throughout  the  region, 
but  are  most  frequent  in  the  western  portion,  where  they  often  do 
considerable  damage  to  crops.  Cloudiness  is  greatest  in  the  east, 
giving  way  in  the  west  to  increasing  sunshine  and  a  lower  degree  of 
humidity. 
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10  REPUBLICAN    VALLEY   AND   ADJACENT    AREAS,   NEBRASKA. 

Normal  precipitation,  in  inches,  at  eight  stations  in  southern  Nebraska.    ". 
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WINDS. 


No  reliable  data  are  available  as  to  wind  velocity,  but  the  wind 
generally  stronger  in  the  western  counties  than  in  tjiose  farther  east 


DESCRIPTITTK  GKOliOGY. 


GENERAL  RELATIONS. 


Southern  Nebraska  is  underlain  by  various  formations  of  Cn     i 
taceous  age  lying  unconformably  on  Carboniferous  formations  an  ""1^^^ 
extensively   overlain   by  Tertiary   and   Quaternary   deposits;  orig  '^r-l 
nally  the  latter  covered  the  entire  surface,  but  they  have  now  be6 
removed  in  the  deeper  valleys. 

The   relations   underground    of   the   Cretaceous    formations    hai  *"*  / 
been    revealed    by    deep    well    borings.     They    are    of   sedimentar 
origin,  consisting  of  shale,  sandstone,  limestone,  and  chalk,  and  I: 
nearly  level  in  a  succession  of  widespread  sheets.     In  the  wester 
part,  of  the  region  they  reach  a  thickness  of  4,000  feet  or  more,  bul 
owing  to   erosion   they   thin   out   to  the   east.     The   Tertiary   and 
Quaternary  deposits  consist  of  sands,  loams,  clays,  bowlders,  cal-- 
careous  grit,  and  sandstone. 

The  formations  outcropping  in  this  area  are  as  follo\^s: 


7~ 


INE 


Quaternary. 


Tertiary  __ 


Cretaceous -< 


Dime  sandH. 
AUuvlum. 
L(>es8. 
Drift. 

I  OgalaUa. 
[  Arlkaree. 

Pierre. 
Niobrara. 
Benton : 

Oarlile. 

Gret»nliorn. 

(Jraneros. 
Dakota. 


1^^ 


Digitized  by 


Google 


Itota  9eaidst4 


Digitized  by 


Google 


Digitized  by  VjOOQ IC 


STRUCTTIRE.  11 

The  distribution  and  general  structural  relations  of  these  forma- 
tions are  shown  in  Pis.  II  and  III.  The  oldest  is  the  Dakota  sand- 
stone, which  underlies  all  of  the  region  discussed,  and  is  in  turn  under- 
lain unconformably  by  Permian  limestones  and  shales  which  out- 
crop extensively  farther  east  in  Nebraska  and  southeast  in  Kansas. 
The  overlying  formations  occur  in  regular  order,  but  do  not  extend 
over  the  entire  area. 

STRUCTURE. 

In  southern  Nebraska  the  rocks  lie  nearly  horizontal,  but,  as 
shown  in  the  section  on  PL  II,  with  a  general  westerly  inclination, 
interrupted  near  Cambridge  by  a  low  uplift  or  arch  discovered  by 
Mr.  Darton  several  years  ago.  This  arch  develops  in  northwestern 
Kansas  and  extends  northwestward  across  Nebraska.  Its  con- 
figuration is  defined  by  the  relations  of  the  Niobrara  formation, 
which  is  uplifted  200  feet  or  more  near  the  crest  of  the  arch  in  the 
vicinity  of  Cambridge.  From  the  crest  the  Pierre  shale  and  100 
feet  or  more  of  the  Niobrara  have  been  eroded  in  the  central  and 
western  portions  of  Furnas  County.  On  the  west  side  of  the  anti- 
cline the  strata  dip  westward  at  an  unknown  but  moderately  rapid 
rate,  so  that  in  the  extreme  southwestern  corner  of  Nebraska  the 
top  of  the  Niobrara  formation  is  at  a  depth  of  about  2,000  feet, 
judging  by  the  structure  in  adjoining  portions  of  Colorado.  East 
of  the  anticline  there  is  a  shallow  syncline  which  holds  Pierre  shale 
from  Arapahoe  east  to  Naponee;  thence  eastward  the  strata  rise 
gradually,  and  formations  from  Niobrara  to  Dakota  outcrop  in 
regular  succession  in  the  counties  from  Franklin  to  Jefferson.  In 
general  the  rate  of  inclination  is  regular  and  averages  3  feet  in  a 
mile.  Locally,  however,  the  rate  is  very  much  increased,  especially 
in  portions  of  Jefferson  County.  A  local  flexure  is  presented  by 
the  Greenhorn  limestone  in  the  southern  portion  of  Jefferson  County, 
and  steep  local  dips  of  10°  or  more  occur  to  the  southwest,  in  the 
exposure  of  Dakota  sandstone  south  of  Thompson,  Nebr.  The 
Dakota  formation  presents  also  a  low  anticline  in  the  vicinity  of 
Thompson  and  Gladstone,  with  the  upper  part  of  the  arch  removed 
by  erosion.  Faults,  showing  a  few  inches  of  displacement,  occur 
in  the  Niobrara  chalk  in  a  number  of  places,  one  of  the  best  defined 
examples  being  at  Norton  in  beds  dipping  gently  westward.  This 
fault  is  shown  in  PI.  IV,  B. 

DESCRIPTION    OF   THE   ROCKS. 

CARBONIFEROITS    SYSTEIVr. 

A  short  distance  east  of  Jefferson  County  Permian  limestones  and 
shales-:-the   upper   series   of   the   Carboniferous   system — rise   from 
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beneath  the  Dakota  formation  and  appear  in  many  outcrops.  They 
undoubtedly  underlie  the  area  treated  in  the  report  but  at  increasing 
depth  to  the  west,  and  it  is  possible  that  they  immediately  underlie 
the  alluvium  in  the  vicinity  of  Diller  and  along  the  Little  Blue  River 
Valley  below  Steele,  where  they  are  known  to  come  close  to  the  sur- 
face. The  following  is  a  typical  section  of  the  Permian  beds  which 
pass  under  the  Dakota  sandstone  in  southeastern  Nebraska: 

Section  at  the  J.  P.  McAllister  quarry,  1  mile  southeast  of  OdelL 

Feet 

Limestone,  fossil  If  erous,  weathered § 

Clay,  light  buflf 4 

Limestone,  grayish,  but  rusty  at  places,  massive,  even  grained,  with  few 

fossils;  used  for  building  stone li 

Clay,  buff  colored 4 

Clay,  ocherous,  reddish  to  brownish 12 

Limestone,  clayey,  decayed 5 

Limestone,    flinty IJ 

Clay  and  decayed  limestone,  exposed  in  ravine ? 

In  eastern  Nebraska  the  upper  surface  of  the  Permian  rocks  was  a 
land  surface  in  early  Mesozoic  time,  while  in  the  Rocky  Mountain 
region  west  there  was  deposition  of  early  Cretaceous,  Jurassic,  and 
Triassic  sediments.  Possibly  some  of  these  reach  the  western  portion 
of  the  area  treated  in  this  report,  but  of  this  there  is  no  evidence. 

CRETACEOUS  SYSTEM. 
DAKOTA  FORMATION. 

Character  and  thickness, — The  Dakota  formation  in  this  region 
consists  of  sandstone  and  clay,  with  the  former  generally  predominat- 
ing. While  the  formation  as  a  whole  shows  considerable  variation 
in  stratigraphy,  in  most  localities  it  is  possible  to  recognize  three 
members — a  basal  sandstone  member,  a  medial  clay  member,  and  an 
upper  sandstone  and  shale  member.  The  lower  sandstone  is  a 
medium  to  coarse  grained  variety,  occurring  in  beds  which  are 
usually  massive  and  cross-bedded,  although  in  places  thin  bedded. 
Its  color  is  gray  or  pale  buflF,  but  on  exposed  surfaces  it  is  generally 
rusty  brown,  and  portions  of  it  are  often  stained  to  a  deep  brown. 
The  clays  are  variegated,  with  red  and  gi^een  predominating.  In 
some  places  they  are  more  or  less  sandy,  and  thin  beds  of  relatively 
pure  sandstone  are  not  infrequent.  The  clay  is  overlain  by  a  massive, 
cross-bedded,  dark-brown  sandstone,  which  constitutes  the  upper 
member  of  the  formation.  This  sandstone  sometimes  contains  con- 
(!retionary  masses  which  are  lighter  colored  and  more  compact  than 
the  remainder  of  the  rock.  Associated  with  the  sandstones  of  the 
upper  part  of  the  formation  are  thin  beds  of  impure  lignite  coal. 

The  Dakota  formation  south  of  Kesterson  is  about  275  to  300  feet 
thick,  but  the  beds  may  thicken  somewhat  to  the  west.     It  is  overlain 
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conformably  by  the  Graneros  shale  and  unconformably  by  Quater- 
nary deposits.  It  rests  upon  the  eroded  surface  of  the  underljdng 
Fermian,  as  is  indicated  by  the  diflFerences  in  altitude  of  the  base  of 
the  formation.  Many  species  of  well-preserved  fossil  leaves  of 
Upper  Cretaceous  age  have  been  found  in  the  Dakota  sandstone, 
especially  in  Jefferson  County.     A  section  near  Steele  is  as  follows: 

Sectioti  of  Dakota  formation  iti  slopes  west  of  titeele. 

Feet. 

SaDdstone,  brownish,  usually  massive _1 40-60 

Clay,  light  buflf  to  ocher  yellow 80-110 

Sandstone,  rusty,  massive , 40-55 

Distributimu — The  Dakota  formation  is  extensively  exposed  in 
Jefferson  County,  in  the  eastern  part  of  the  region,  where  it  outcrops 
in  an  area  of  varying  width,  extending  across  the  southern  townships 
of  the  county  westward  to  a  point  about  6  miles  west  of  Reynolds, 
where,  with  low  westerly  dip,  it  passes  beneath  the  overlying  forma- 
tions. It  is  also  exposed  along  the  Little  Blue  River  Valley  from 
Fairbury  to  a  point  due  north  of  Gilead,  and  it  extends  up  Big  Sandy 
Creek  to  Alexandria.  It  outcrops  in  the  vicinity  of  Diller,  and  a 
small  area  of  it  is  exposed  along  the  valley  of  a  small  stream  about  3 
miles  southeast  of  Plymouth.  The  distribution  of  the  formation  is 
shown  on  the  geologic  map  (PI.  II,  p.  10)  and  some  of  its  features 
are  shown  in  PI.  IV,  A. 

BEHTOK  GROUP. 
MEMBEBS    RKPRESENTED. 

It  has  been  shown  by  Mr.  N.  H.  Darton  that  in  southern  Nebraska 
the  formation  formerly  called  Benton  consists  of  three  distinct  mem-^ 
bers,  which  represent  the  Graneros  shale,  Greenhorn  limestone,  and 
Carlile  shale  of  the  Rocky  Mountain  region.     Their  combined  thick- 
ness here  is  about  270  feet  to  the  east  and  650  feet  or  more  to  the  west. 

Generalized  section  of  Benton  group  in  southern  Nehraftlca. 


Formation. 


Niobrara  . 
Benton: 


Carlile. 


Greenhorn  . 


Granerofi  . 
Dakota 


Character  of  materials. 


ChallLBtone 

Bluish,  plastic  clays  containing  a  horizon  of  concretions  near  middle: 

iron  pvrite  and  pelenite  crystals  occur  throughout  the  clay. 
Dark-colored  shales  and  clays  with  thin  beds  of  fossillfcrous  limestone, 

containing  large  numbelb  of  Ostrea  congesta. 
Limestone  lavers,  cream  colored  and  fine  grained:  they  contain  fish 

remains  and  are  interbedded  with  light-colored,  plastic  clay. 
Limestone  layers  interbedded  with  clay  In  strata  of^  uniform  thickness, 

containin?  Inoceramus  labiatug  in  great  abundance. 
Limestone  layers,  fine  grained,  light  colored,  interbedded  with  clay; 
^    darker,  more  impure,  and  porous  below. 
Clay  and  shale,  mostly  dark  gray,  containing  carbonaceous  and  sandy 

beds  near  middle. 
Sandstone  and  sandy  shales 


Thick- 
nes.8. 


Feet. 


75 
•75 
U 
10 
16 
70 
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QRANEBOS    SHALE. 

Character  and  thickness. — The  Graneros  shale,  or  lowest  division 
of  the  Benton  group,  consists  in  this  region  of  dark-colored,  plastic 
clays  and  shales.  Near  the  middle  of  the  formation  occur  beds  of 
dark  carbonaceous  shale  which  closely  resemble  an  impure  variety  of 
coal.  Just  below  this  shale  and  at  the  base  of  the  formation  the 
shales  are  usually  sandy.  Large  sandstone  concretions  abound,  some 
of  which  are  fossiliferous.  The  shales  contain  a  large  amount  of  iron 
pyrite  which,  by  weathering,  changes  to  melanterite,  a  compound 
which  readily  clissolves  in  water. 

In  its  outcrop  area  the  thickness  of  the  Graneros  varies  from  40  to 
70  feet,  but  this  amount  probably  increases  to  the  north  and  west,  for 
the  formation  has  a  thickness  of  900  feet  in  the  Black  Hills  region 
and  over  200  feet  in  central  Colorado.  It  lies  conformably  upon 
Dakota  sandstone  and  is  overlain  in  turn  by  harder  beds  of  Greenhorn 
limestone.  It  is  often  difficult  to  sharply  define  the  lower  limits  of 
the  formation,  owing  to  the  similarity  between  the  sandy  shales  at  the 
base  of  the  Graneros  and  those  in  the  upper  part  of  the  underlying 
Dakota.  The  upper  limit  of  the  formation  is  clearly  indicated  by  an 
abrupt  change  in  the  character  of  the  sediments. 

The  following  section  indicates  the  character  and  succession  of 
the  beds  near  Fairbury : 

tectum  of  Graneros  shale  and  associated  fonnations  5  miles  northioesi  of 

Fairhurii. 


Formation. 


Greenhorn 


Graneros  . 
DakotA  . . . 


Character  of  materials. 


Lime-stone  Alternating  with  beds  of  clay.     The  limestone  contains 

Inoctramns  liibiatuA  in  g^reat  abundance. 

Dark-colored  shale  and  clay,  containing  thin  beds  of  limestone 

Sandstone,  medium  grained,  ru.st  colored,  with  white  and  variegated 

clays  below. 


Thick 
nees. 


Ff€L 


o5 
liO 


Exposures, — The  Graneros  shale  is  exposed  in  the  eastern  part  of 
the  district,  mainly  in  Jefferson  County,  although  exposures  are 
found  in  Thayer  County  along  Rose  and  Big  Sandy  creeks  and 
Republican  and  Little  Blue  rivers.  The  most  extensive  exposures 
are  in  the  bluffs  south  of  Hubbell:  in  a  small  ravine  on  the  north 
side  of  Little  Blue  River,  southwest  of  Alexandria ;  and  beneath  the 
limestone  capping  slopes  4  or  5  miles  northwest  of  Fairbury. 

GREEN  HORN  LIMESTONE. 

Character  and  thiclniess. — The  Greenhorn  limestone,  or  middle 
formation  of  the  Benton  group,  consists  of  limestones  and  clays  in 
alternating  succession.    The  limestones,  which  predominate,  are  soft. 
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light  colored,  and  fine  grained,  and  occur  jn  beds  ranging  in  thick- 
ness from  3  to  10  inches,  the  average  being  about  6  inches.  They 
are  usually  fossiliferous,  containing  layers  with  many  remains  of 
Inoceramus  lahiatus^  which  is  characteristic  of  the  formation.  The 
clays  are  light  colored,  plastic,  and  are  in  beds  rarely  exceeding  a  few 
inches  in  thickness. 

The  formation  ranges  from  25  to  30  feet  thick  and  generally  ex- 
hibits four  limestone  and  clay  members,  which  in  regions  to  the  south, 
owing  to  their  distinctive  characters,  have  been  given  local  names  by 
the  Kansas  geologists.  The  lowermost  member,  which  in  northern 
Kansas  is  a  hard,  dark-grayish  limestone,  is  locally  known  there  as  the 
Lincoln  marble.  The  individual  beds  of  this  member  are  about  8 
inches  thick  and  the  total  thickness  is  approximately  15  feet.  Alx)ve 
the  Lincoln  marble  there  are  several  thin  layers  of  white  limestone 
interbedded  with  clay  and  having  a  total  thickness  of  10  feet,  which 
are  known  as  the  Flagstone  member.  The  next  member  consists  of 
somewhat  darker  colored  limestones  containing  many  Inocernmi^ 
and  for  this  reason  it  has  been  designated  the  Inoceramus  member. 
It  is  4  to  5  feet  thick.  The  top  member  consists  of  one  limestone  layer 
about  9  inches  thick,  which  has  been  called  the  Fencepost  limestone 
owing  to  its  extensive  use  for  fence  posts  throughout  the  region. 

These  members  of  the  Greenhorn  formation  are  not  so  distinct  in 
the  region  to  which  this  report  relates  as  they  are  in  areas  farther 
south,  but  they  are  all  recognizable.  In  the  excellent  sectioii  south 
of  Hubbell  the  lowermost  division  includes  the  equivalents  of  both 
the  Lincoln  marble  and  the  Flagstone  member,  the  middle  division 
the  Inoceramus  member,  and  the  uppermost  division  the  Fencepost 
member.  The  Inoceramrts  member  appears  to  be  somewhat  thicker 
in  Nebraska  than  in  Kansas.  The  Lincoln  marble  is  well  exposed  in 
a  cut  bank,  along  Little  Blue  River  northwest  of  Gilead,  where  its 
thickness  is  about  15  feet.  # 

The  part  of  the  Greenhorn  limestone  which  is  quarried  appears 
as  a  light-colored  streak  high  in  the  slopes  in  Jefferson  County 
and  ill  the  lower  parts  of  valleys  in  the  eastern  part  of  Thayer 
County.  At  a  quarry  4  or  5  miles  northwest  of  Fairbury  the  expos- 
ures are  at  an  altitude  of  slightly  less  than  1,500  feet.  Along  the 
river  north  of  Gilead  the  altitude  of  the  formation  is  from  1,400 
to  1,490  feet.  Southwest  of  Endicott  the  base  of  the  formation  has 
an  altitude  of  about  1,525  feet.  The  beds  quarried  south  of  Kes- 
terson  have  an  altitude  of  1,535  feet,  while  at  Ilubbell  they  are  at 
about  1,505  or  1,510  feet.  Westward  along  Rose  Creek  Valley  the 
beds  gradually  sink  from  high  in  the  slope  and  reach  the  level  of 
the  valley  bottom  between  Hubbell  and  Cliester.  These  facts  indi- 
cate that  the  formation  dips  gently  to  the  northwest  except  for  a 
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small  local  flexure  in  the  southern  part  of  Jefferson  County.  Where 
present  at  the  surface  the  limestones  form  a  ridge  or  escarpment  in 
the  valley  slopes,  below  which  the  underlying  Graneros  shale  is 
marked  by  a  clay  slope. 

Fossils. — Inoceramus  lahiatus^  which  characterizes  this  formation, 
occurs  in  large  numbers  in  most  of  the  beds.  The  formation  Iws 
also  yielded  several  specimens  of  fossil  fish,  and  Dr.  G.  A.  BirdsalL 
of  Alexandria,  has  collected  vertebras  and  bones  of  various  kinds 
from  quarries  north  of  Gilead.  Mr.  C.  A.  Cannony  obtained,  south 
of  Kesterson,  a  large  ammonite,  which  is  now  on  exhibition  in  the 
State  Museum  of  the  University  of  Nebraska.  The  best  specimens 
of  fish  remains  are  found  in  the  fine-grained  limestone  layers  near 
the  top  of  the  formation. 

CARLILK    HHALE. 

Character  and  thickness. — The  Carlile  shale,  the  uppermast  forma- 
tion of  the  Benton  group,  consists  of  dark-colored  clays  and  shales, 
which,  in  Kansas,  have  been  separated  into  two  members.  The 
lower,  which  is  the  more  calcareous,  carrying  thin  beds  of  f  ossiliferous 
limestones,  has  in  that  State  been  designated  the  Ostrea  horizon,  on 
account  of  the  presence  of  large  numl)ers  of  Ostrea  congesta^  while 
the  upper,  which  is  composed  of  bluish,  plastic  clays,  with  fewer 
fossils,  has  there  been  designated  the  "  Septartaa  zone  "  or  Blue  Hill 
beds.  Near  the  middle  of  this  upper  member  is  a  horizon  of  biscuit- 
shaped  concretions,  which  is  well  exposed  in  the  vicinity  of  Lovewell. 
Kans.  These  concretions  are  often  traversed  by  cracks  filled  with 
calcite,  selenite,  and  occasional  crystals  of  barite.  They  are  generally 
large,  some  exceeding  (>  feet  in  diameter.  Throughout  the  formation 
and  especially  in  its  upi)er  part  there  are  large  quantities  of  iron 
pyrite,  which  decomposes  to  sulphate  of  iron,  or  melanterite,  a  min- 
eral which  appears  on  the  surface  as  a  light-colored  powder  of  acrid 
taste.  By  chemical  reaction  the  decomposing  pyrite  in  the  clay  banks 
also  forms  calcium  sulphate,  which  crystallizes  as  selenite,  and 
crystals  of  this  mineral  are  usually  scattered  over  the  surface  in  great 
abundance. 

The  exact  thickness  of  the  formation  is  believed  to  be  over  200  feet 
in  Nuckolls  County  and  westw^ard,  but  owing  to  erosion  of  its  uppr 
surface  it  thins  out  in  Jefferson  County  along  an  eastern  mai^n 
shown  on  the  map  (PI.  II). 

Exposures, — The  Carlile  shale  is  not  extensively  exposed  in  the  area 
included  in  this  report,  but  it  outcrops  at  intervals  along  the  valleys 
of  Republican  and  Little  Blue  rivers  and  Rose  Creek.  It  usually 
appears  on  the  slopes  as  a  narrow  band  overlain  by  loeas  and  resting 
upon  greenhorn  limestone.     Along  the  south  margin  of  the  district 
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it  is  exposed  as  an  area  of  irregular  width  capping  the  higher  land 
from  a  point  nearly  due  south  of  Kesterson  to  near  where  Republican 
River  crosses  the  State  line. 

KIOBHARA  FOBMATIOK. 

Character  and  thickness. — The  Niobrara  formation  in  southern 
Nebraska  consists  principally  of  a  chalky  limestone  known  as  chalk 
rock,  with  interbedded  layers  of  calcareous  clay  and  local  deposits  of 
flint.  The  prevailing  colors  of  the  rock  are  lead  gray,  light  gray, 
and  yellowish,  depending  on  the  degree  of  weathering.  Much  of  the 
weathered  rock  is  straw  yellow,  and  in  certain  localities  is  ocherous 
in  color;  in  the  bluifs  south  of  Guide  Rock,  where  the  weathered 
portions  of  the  rock  are  rapidly  removed  by  erosion,  it  is  lead  gray 
with  a  decided  bluish  tint.  The  chalk  rock  has  a  porous  texture  and 
gives  a  hollow  sound  when  struck  with  a  hammer.  It  has  an  uneven 
fracture  and  a  tendency  to  break  into  splinter-like  forms.  It  varies 
considerably  in  composition  from  place  to  place,  the  principal 
impurities  being  clay,  silica,  and  gypsum.  Where  clay  is  present  in 
large  amounts  the  beds  are  usually  shaly. 

In  previous  descriptions  of  the  geology  of  this  portion  of  Nebraska, 
no  subdivisions  were  made  of  the  Niobrara  formation,  which  was  de- 
scribed as  consisting  mainly  of  soft  limestone  chalk  rock,  or  limy 
clays,  presenting  considerable  variation  from  place  to  place.  It  has 
been  found,  however,  that  it  comprises  two  distinct  members,  a  lower 
and  an  upper,  which  are  probably  equivalent,  respectively,  to  the  Fort 
Hays  beds  and  the  Smoky  Hill  chalk  of  Kansas.  The  total  thickness 
is  about  400  feet.  Some  features  of  the  formation  are  shown  in  Pis. 
IV,  B,  and  VIII,  A. 

The  basal  member  of  the  Niobrara  consists  of  massive  soft  chalky 
limestones,  bluish  to  light  gray  on  freshly  broken  surfaces,  but 
weathering  to  yellowish.  The  thickness  of  this  member  varies  from 
40  to  50  feet  and  the  outcrops  are  usually  marked  by  more  or  less 
prominent  ledges  capping  the  softer  shales  of  the  underlying  Carlile 
formation.  Extensive  exposures  of  these  beds  occur  on  the  south 
side  of  Republican  River  between  Superior  and  Bostwick,  and  along 
Whiterock  Creek  in  Kansas. 

In  southern  Nebraska  the  upper  member  of  the  Niobrara  formation 
is  about  300  feet  thick.  It  consists  of  a  bluish-gray  chalk,  generally 
massive  and  irregularly  jointed,  with  layers  of  light-colored  lime- 
stone and  calcareous  clays  distributed  throughout.  The  beds  in  the 
upper  part  vary  considerably  in  character  in  different  localities. 
Wherever  the  formation  is  overlain  by  Pierre  shale  the  chalky  beds 
continue  to  the  top  of  the  formation,  but  in  a  wide  area  in  the  vicinity 
of  Cambridge,  and  in  the  southern  part  of  Nuckolls  County,  where 
3602— iRB  216—07 2 


Digitized  by  LjOOQ IC 


18         REPUBLICAN    VALLEY   AND    ADJACENT   AREAS,  NEBRASKA. 

the  Pierre  is  absent,  the  upper  beds  of  the  Niobrara  are  ocheroiis  and 
more  or  less  flinty.  The  flint  is  brownish,  reddish,  or  greenisli  in 
color;  it  occurs  in  continuous  beds  in  the  top  of  the  formation,  but 
lower  down  in  scattered  nodules;  the  beds  vary  in  thickness  from 
a  few  inches  to  10  feet,  and  it  is  believed  that  they  have  accumulateil 
in  the  chalk  subsequent  to  its  deposition,  probably  during  late 
Tertiary  or  Quaternary  times. 

Fossils. — Fossils  are  very  abundant  in  the  Niobrara  formation. 
Ostrea  congesta  and  a  large  flat  Inocevaithus  are  the  most  common 
forms,  the  former  often  attached  to  fragments  of  the  latter.  Well- 
preserved  fish  remains  are  not  infrequent,  and  turtles  have  been 
collected  in  the  vicinity  of  Cambridge.  The  chalk  rock,  when  ex- 
amined closely,  is  found  to  be  composed  largely  of  minute  shells 
which  grade  in  size  from  those  plainly  visible  to  the  unaided  eye 
to  microscopic  forms. 

Distribution. — The  Niobrara  formation  has  a  relatively  wide  out- 
crop area  in  central-southern  Nebraska.  It  first  appears  under  the 
loess  in  isolated  areas  in  the  valley  of  Little  Blue  River  and  its 
tributaries  above  Angus,  at  Nelson  in  the  central  part  of  Nuckolls 
County,  and  farther  south  on  either  side  of  Smyrna  and  near  Bost- 
wick.  The  formation  outcrops  most  extensively  along  Republican 
River  and  its  tributaries,  rising  high  on  the  slopes  south  of  Guide 
Rock.  Westward  it  gradually  falls  to  lower  levels  on  the  slope:^, 
until,  in  the  vicinity  of  Republican,  its  exposures  are  principally 
limited  to  the  lowlands  of  the  valley.  At  Edison  the  Niobrara  out- 
crops narrow  somewhat,  and  the  Pierre  shale  occupies  a  portion  of 
the  bottom  lands  on  either  side,  but  to  the  west  it  widens  again, 
retaining  a  nearly  uniform  width  to  the  point  where  it  paases  l)eneiith 
the  Pierre  shale  south  of  Indianola.  In  the  low  valley  land  along 
Republican  River  the  Niobrara  formation  is  generally  covered  by 
Quaternary  deposits.  At  Riverton,  Republican,  and  south  of  Orleans 
the  alluvial  deposits  have  been  removed,  exposing  the  chalk  rock  in 
the  banks  of  the  river.  The  Niobrara  occupies  the  lowlands  of 
Beaver  Creek  Valley  from  its  mouth  westward  to  near  Danbury,  and 
along  Sappa  Creek,  its  main  tributary,  to  beyond  the  Nebraska- 
Kansas  State  line,  but  it  is  nearly  always  covered  by  a  thin  deposit 
of  alluvium.  The  eastern  margin  of  the  formation  under  the  loess 
is  near  the  east  line  of  Nuckolls  County.  The  details  of  the  distri- 
bution of  this  formation  are  shown  on  the  geologic  map,  PI.  II. 

PIEKHE  SHALE. 

Character  and  thickness. — The  Pierre  shale,  as  exposed  along  the 
Republican  Valley  in  southern  Nebraska,  consists  mainly  of  plastic, 
loose-textured,  carbonaceous  clays  which  become  shaly  on  weathered 
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surfaces.  The  clays  are  unctuous  when  moist  and  hence  are  popu- 
larly known  as  soapstone.  The  common  colors  are  dark  bluish  to 
black,  with  niany  rust-colored  spots.  (lypsum  crystals  are  distrib- 
uted throughout  the  shales,  weathering  out  in  great  abundanc*e  on  the 
barren  slopes,  and  iron  pyrites  are  found  in  thin  layers  at  many 
horizons.  The  pyrite  decomposes  readily,  and  much  of  the  resulting 
product  is  scattere<l  oyer  the  surface  as  irregular  fragments  of  iron 
oxide.  The  maximum  thickness  which  the  formation  reaches  in  the 
western  part  of  Dundy  County  is  not  known,  but  apparently  it  is 
more  than  1,000  feet.  >fo  reliable  well  records  could  l)e  obtained  to 
show  the  thickness  underground,  but  the  formation  is  known  to 
thicken  rapidly  to  the  west  and  north,  reaching  7,700  feet  w^est  of 
Denver.  In  the  syncline  l)etween  Arapahoe  and  Naponee  it  has  a 
thickness  of  50  feet  or  more  and  thins  out  to  the  east  and  the  west.  A 
well-defined  layer  in  the  Pierre  shale  in  this  region  consists  of  a  car- 
bonaceous shale  resembling  an  impure  coal  in  some  resi)ects.  This 
layer  has  a  thickness  of  about  25  feet,  and  is  well  exhibited  along  the 
Republican  from  near  the  Alma  bridge  to  beyond  Orleans.  The 
shales  of  this  member  are  least  plastic  near  the  top  and  erosion  often 
develops  buttresses  and  recesses  in  them.  The  bedding  and  jointing 
are  fairly  distinct,  and  many  layers  and  joint  seams  contain  g^'psum 
as  a  yellowish  powder.  Overlying  this  carbonaceous  memlier  are 
dark-bluish  clays,  with  well-defined  bedding,  but  fewer  joints.  In 
Dundy  County  the  upper  part  of  the  exposed  Pierre  for  10  to  12  feet 
are  of  yellowish  color.  The  Pierre  shale  contains  a  few  fossils,  such 
as  Baculites  cojtipressus  and  small  ammonites. 

Dwtrihution\ — The  Pierre  shale  rests  conformably  on  the  Niobrara 
and  is  overlain  unconformably  by  Tertiary  deposits  (see  PL  V,  5). 
It  is  exposed  along  the  Republican  and  its  tributaries  from  the 
western  part  of  Franklin  County  to  the  vicinity  of  Arapahoe,  and 
from  near  Indianola  to  the  west  line  of  the  State.  It  also  extends 
for  some  distance  up  Prairiedog  Creek  to  l)eyond  the  Xebraska- 
Kansas  line,  and  up  Sappa  and  Beaver  creeks  into  the  eastern  mar- 
gin of  Furnas  County.  It  reappears  in  the  valley  of  Sappa  Creek 
a  short  distance  above  Lebanon  and  continues  to  beyond  the  State 
line. 

TERTIARY   SYSTEM. 

The  Tertiary  deposits  of  southwestern  Nebraska  appear  to  belong 
entirely  to  the  later  epoch  of  that  system  but  they  have  not  as  yet  been 
definitely  classified.  Apparently  the  principal  formation  corresponds 
to  the  Ogalalla  of  Darton,  but  possibly  to  some  of  the  Arikaree  as 
well. 

Character  and  thickness. — ^The  Tertiary  deposits  consist  mainly  of 
sand,  gravel,  and  clay,  in  places  bound  together  by  calcareous  cement 
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into  beds  of  variable  hardness.  Their  character  varies  greatly  from 
place  to  place.  The  sands  are  mostly  medium  to  fine  grained,  often 
grading  into  a  coarse  cross-bedded  sand  and  gravel.  The  gravel  is 
waterworn  and  varies  in  size  from  small  pebbles  to  bowlders  4  to  6 
inches  in  diameter.  (See  Pis.  V,  6\  and  VI,  B,)  The  materials  com- 
prise quartz,  feldspar,  granite,  andesite,  and  porphyry,  apparently 
derived  from  the  Rocky  Mountins.  The  clays  are  usually  sandy, 
sometimes  becoming  so  fine  grained  as  to  be  a  silt  or  loam.  Deposits 
of  this  character  occur  north  of  Max,  where  there  is  much  clay  or 
loess-like  silt,  but  in  general  the  greater  part  of  the  sediment  consist*^ 
of  sand  and  gravel  irregularly  mixed  and  often  imperfectly  stratified. 
Volcanic  ash  is  generally  associated  with  the  sand  beds  and  it  occurs 
in  lens-shaped  deposits  or  beds  in  a  number  of  places.  The  usual  color 
of  the  ash  is  light  gray  and  it  is  medium  to  fine  grained.  Opalized 
wood  is  scattered  over  the  surface  at  various  places  in  the  Tertiary 
outcrop,  notable  localities  being  southeast  of  Laird  and  at  the  head  of 
Rock  Creek.  At  a  few  places  in  the  western  counties  the  calcareoas 
cement  occurs  in  sufficient  amount  for  use  as  a  natural  plaster.  A 
partial  section  of  the  Tertiary  beds,  as  exhibited  southeast  of  Frank- 
lin (see  PI.  V,  -4),  is  given  below : 

Section  at  Lookout  Mountain  southeast  of  Franklin^  yehr. 

Feet. 

Limy  sand  rock,  texture  varying;   color  pray  to  white 10 

Sand,  light  colored  on  surface,  fine  grained,  at  places  lithified 10 

Quartzite,  light  to  olive-green  color ;   texture  variable,  but  usually  medium 

grained;  siliceous  cement 14 

Sand  of  various  colors  and  medium  grained .SO 

Chalk  rock  (Niobrara)  ;   colors,  yellowish  at  top,  whitish  and  bluish  gray 

below 200 


251} 
Distribntion, — The  Tertiary  deposits  are  exposed  along  the  south 
side  of  Republican  Valley  from  a  point  south  of  Red  Cloud  to  Edison, 
and  thence  westward  to  the  Nebraska-Colorado  line  along  both  sides 
of  the  valleys  of  the  Republican  and  its  principal  tributaries.  They 
are  also  exposed  along  Beaver  and  Sappa  creeks  and  their  numerous 
small  branches  throughout  their  entire  extent  within  the  area.  The 
formation  lies  on  the  uneven  surface  of  the  Pierre  (see  PI.  V,  J?) 
and  Niobrara  formations,  and  is  in  turn  extensively  overlain  by  loess 
and  other  Quaternary  deposits. 

QUATERNARY    SYSTEM. 
DRIFT. 

The  greater  part  of  Nebraska  is  covered  by  a  thin  but  widespread 
sheet  of  sands  and  gravels,  transported  to  the  region  by  glaciers 
from  the  north  and  by  streams  from  the  west  during  Pleistocene 
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LOOKOUT  MOUNTAIN.  SOUTHEAST  OF  FRANKLIN.  NEBR.,  SHOWING  BLUFFS  CAPPED 
BY  TERTIARY  SANDY  LIME  ROCK. 


B.     TERTIARY  "MORTAR  BEDS"  ON  PIERRE  SHALE  EAST  OF  HAIGLER.   NEBR. 


r     TERTIARY  GRAVEL  NEAR  HEAD  OF  TRAIL  CANYON.    DUNDY   COUNTY,   NEBR. 
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time.  The  glacial  deposits  have  been  called  northern  or  glacial 
drift,  and  the  stream  deposits  western  drift.  The  glacial  drift 
occurs  only  in  the  eastern  part  of  the  region  treated  in  this  report — 
that  is,  in  Jefferson  County  and  the  eastern  part  of  Thayer  County — 
l3iit  it  extends  north  across  eastern  Nebraska.  The  greater  part  of 
the  material  is  till  with  scattered  deposits  of  bowlders,  and  it  is  more 
or  less  overlain  by  loess,  especially  to  the  west,  where  its  margin  is 
hidden  by  the  loess.  The  sands  and  gravels  of  western  origin 
extend  westward  under  the  loess,  and  in  Jefferson  County,  especially 
along  the  Little  Blue,  appear  to  merge  into  the  glacial  drift,  but 
the  contact  relations  are  not  clearly  exposed. 

The  glacial  drift  in  Jefferson  and  Thayer  counties  lies  uncon- 
formably  on  the  Dakota,  Graneros,  Greenhorn,  and  Carlile  for- 
mations, and  in  places,  especially  on  the  uplands,  is  covered  by 
loess.  The  glacial  sands  and  gravels  at  Fairbury  appear  to  be  older 
than  much  of  the  clayey  till  in  eastern  Nebraska.  They  are  separ- 
able at  places  into  two  members,  an  upper  rusty-colored  one  and  an 
underlying  lighter  colored  and  locally  more  regularly  stratified 
member.  These  two  show  best  in  the  sandpit  of  the  Rock  Island 
Railroad,  about  4  or  5  miles  northwest  of  Fairbury.  Bowlders  and 
pebbles  occur  in  both  divisions,  but  they  are  more  noticeable  in  the 
upper  one,  perhaps  because  this  is  the  more  exposed  and  eroded. 

A  thin  bed  of  brownish  to  yellowish  clay  till  caps  the  glacial 
sands  in  the  uplands  about  Fairbury,  coming  as  low  as  1,870  feet  in 
altitude,  but  usually  not  much  below  the  1,380- foot  level.  It 
increases  in  thickness  eastw^ard  in  the  direction  of  Jansen,  Plym- 
outh, and  Lincoln.  This  clay  contains  pebbles  and  bowlders,  usually 
of  pinkish  quartzite.  It  rises  to  an  altitude  of  1,430  feet  1  mile 
northeast  of  Jansen  and  to  about  1,400  feet  in  iht  vicinity  of 
the  Chicago  and  Rock  Island  Railroad  bridge  across  Cub  Creek,  at 
which  place  about  40  feet  are  exposed.  In  a  railroad  cut  just  west 
of  this  bridge  the  till  is  separable  into  two  divisions.  The  lower, 
12  feet  of  which  rise  above  the  level  of  the  track,  is  sandy  and  con- 
cretionary, with  few  pebbles  and  bowlders;  of  the  upper,  about  11 
feet  of  typical  yellowish,  pebbly,  and  bowldery  clay  are  exposed  in 
the  cut,  and  it  rises  .still  higher  in  the  hill  slope.  This  member  of 
the  drift  is  distinct  from  the  loess,  by  which  it  is  covered  to  a  depth 
of  30  to  45  feet  at  Plymouth. 

Concretions  often  occurring  in  the  till  are  composed  of  calcium 
carbonate.  They  range  from  1  inch  to  more  than  4  inches  in 
diameter. 

In  general,  there  are  two  fairly  distinct  membei-s  of  the  glacial  drift 
in  Jefferson  County,  as  shown  by  a  section  l>etween  Fairbury  and 
Plymouth,  both  containing  bowlders  and  both  showing  smaller  local 
divisions.     Small  deposits  of  clay  have  been  observed  to  occur  in 


Digitized  by  LjOOQ IC 


22         REPUBLICAN   VALLEY   AND   ADJACENT  ABEAS,  NEBBASKA. 

the  sand  and  gravel.  Clay  which  may  prove  to  be  of  glacial  origin 
is  found  along  the  Chicago  and  Rock  Island  Railroad  southwest  of 
Thompson,  and  even  as  far  west  as  Nelson. 

The  vertical  range  of  glacial  bowlders  and  till  is  from  altitudes  of 
1,250  to  over  1,500  feet.  The  exposed  bowlders  are  confined  to  Jeffer- 
son County,  with  a  few  in  Thayer  County.  They  occur  for  the 
most  part  east  of  Little  Blue  River,  but  extend  2  to  4  miles  west  of 
that  river,  between  Powell  and  Steele,  and  to  only  a  few  miles  south 
of  Rose  Creek.  They  come  to  the  surface  where  the  loess  and  finer 
parts  of  the  till  are  eroded,  and  in  some  places  they  become  abundant. 
The  largest  area  of  this  kind  is  located  just  southeast  of  Endicott, 
where  bowlders,  mostly  of  Sioux  quartzite,  with  a  relatively  small 
number  of  granite,  cover  nearly  2  square  miles  of  the  Dakota  escarp- 
ment and  adjoining  slopes  (see  PL  VI,  B).  These  bowlders  have 
been  concentrated  from  till  by  the  removal  of  the  sand  and  loam  by 
erosion.  In  the  gi'eater  part  of  Jefferson  County  east  of  the  river 
bowlders  usually  occur  beneath  the  loess  cap,  and  where  the  loess  has 
been  eroded  the  bowlders  and  other  coarser  glacial  materials  are 
brought  to  view.  Other  bowlder  areas  occur  near  Steele,  Fairbur}'. 
and  at  a  nimiber  of  places  in  Cub  Creek  Valley.  A  large  quartz- 
ite bowlder  northeast  of  Fairbury,  4J  by  9  by  10  feet  in  size,  is 
shown  in  PI.  VI,  A.  Another  of  coarse-grained  granite,  4^  by  6 J  by 
17  feet  in  size,  is  located  in  a  gravel  bench  one-half  mile  away ;  its 
size  has  been  reduced  by  blasting.  The  glacial  bowlders  comprise 
Sioux  quartzite,  granites,  syenites,  gneiss,  hornblendic  and  mica 
schists,  flinty  limestone,  Dakota  sandstone,  and  Greenhorn  limestone. 
Some  of  these  were  carried  long  distances  by  ice,  while  others  came 
from  ledges  not  distant.  The  granitoid  rocks  are  rounded  in  part  by 
weathering,  but  most  of  the  quartzites  are  angular  and  little  worn. 

It  appears  that  the  presence  of  the  ice  sheet  in  Jefferson  County 
affected  the  drainage  over  wide  areas  westward,  causing  the  riven^ 
to  fill  up  their  valleys  and  then  to  spread  sediment  over  the  general 
region  along  and  to  the  west  of  the  glaciers.  The  deposits  of  west- 
ern drift  are  found  as  far  west  as  Arapahoe,  Cambridge,  and  Tren- 
ton. That  this  deposit  is  of  western  origin  is  proved  by  the  prasence 
of  a  large  amount  of  typical  Rocky  Mountain  rock.  Much  of  it,  how- 
ever, came  from  Tertiary  formations  which  were  derived  from  the 
Rocky  Mountain  region. 

Remains  of  the  primitive  elephant  have  been,  found  in  the  Fairbury 
gravels. 

All  of  the  glacial  drift  in  the  region  treated  in  this  report  is  gen- 
erally known  as  the  Kansan  drift.  A  part  of  it  may  bfe  of  Aftonian 
age. 
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A.     QUARTZITE  BOWLDER  NORTHEAST  OF  FAIRBURY,  NEBR. 


B.     GLACIAL  BOWLDERS  SOUTHEAST  OF  ENDICOTT.   NEBR. 
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L0B88. 

This  formation  constitutes  the  surface  of  the  greater  part  of  south- 
eastern Nebraska  and  adjoining  regions.     Originally  it  covered  the 
t*ritire  surface,  but  it  has  been  cut  through  by  the  larger  streams  and 
now  remains  on  the  wide  plateau  areas  between  the  valleys.     The 
typical  loess  is  characterized  by  its  fine,  even-grained,  massive  struc- 
ture, porous  texture,  light-buff  color,  and  the  presence  of  a  weak 
ealcareous  cement.     It  is  often  called  the  '*  bluff  "  deposit  where  deep 
canyons  and  river  bluffs  are  formed  of  it,  because,  owing  to  its  mas- 
sive structure,  it  weathers  into  steep  slopes.     The  well  drillers  speak 
of   it  as  *' yellow  clay/'     The  loess  generally  lies  directly  upon  gla- 
cial drift  or  the  western  gravel  deposits,  but  also  overlaps  on  the 
older  formations.     Its  thickness  on  the  high  loess  plains  is  about  100 
feet.     The  formation  has  a  strong  tendency  to  vertical  displacement 
in  canyon  w^alls  and  bluffs,  so  that  on  many  slopes  it  settles  or  creeps 
over  the  edges  of  the  underlying  formations,  concealing  them  from 
view.     Where  eroded  by  running  water  it  stands  in  nearly  vertical 
banks.     On  account  of  its  massive  structure  and  coherent  nature, 
many  wells  bored  in  the  loess  region  do  not  require  casing  in  the  part 
penetrating  this  formation.     Ordinarily  cellars  in  loess  do  not  require 
to  \je  walled. 

The  loess  varies  noticeably  in  color  and  somewhat  in  texture  in 
different  parts  of  the  region,  varying  from  light  buff  to  brownish,  a 
differenc^e  apparently  related  to  the  underlying  beds,  for  the  color  is 
lightest  w^here  the  loess  overlies  the  light-colored  Niobrara  chalk  rock 
and  darkest  when  on  or  near  the  ocherous  Niobrara  and  the  Dakota 
formation. 

The  loess  consists  principally  of  silt  and  clay  particles  loosely 
cemented  by  carbonate  of  lime  and  stained  by  a  small  amount  of  iron 
oxide.  The  proportion  of  each  of  these  ingredients  varies  from  place 
to  place.  The  silt  grains  increase  in  size  and  proportionate  amount 
from  east  to  west  and  apparently  also  with  depth.  The  upper  surface 
of  the  loess  is  darkened  by  humus  and  grades  into  the  cultivable  soil. 
The  mode  of  accumulation  of  the  loess  has  l)een  a  subject  of  nuich 
discussion.  According  to  the  earlier  view  it  is  a  wind-blown  deposit, 
while  according  to  a  later  view  it  was  deposited  over  a  wide  extent 
of  country  by  low-grade  streams  at  the  close  of  the  Pleistocene;  prob- 
ably both  of  these  agencies  have  been  factors  in  its  origin. 

It  contains  numerous  fossil  shells,  mostly  gasteropods,  of  fresh- 
water nature. 

TEBRACE  DEPOSITS. 

Terraces  are  conspicuous  along  Republican  River  and  Beaver, 
Sappa,  and  Prairiedog  creeks.     They  are  locally  known  as  benches. 
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or  as  second  and  third  bottom  lands.  Their  heights  in  the  Republican 
Valley  are  mostly  0  to  14,  25  to  40,  and  from  60  to  80  feet  above  tlit* 
first  bottom./  Low  benches  are  clearly  defined  in  the  vicinity  nf 
Haigler.  At  Oxford  they  are  from  6  to  8  feet  high.  The  terrace 
extending  along  the  south  side  of  Republican  River  from  Annboy  to 
a  point  southwest  of  Superior  is  25  to  30  feet  high.  Four  miles  we>r 
of  Benkelman  a  high  terrace  rises  about  75  feet  above  the  river.  At 
several  places  in  Dundy  County  and  in  the  western  part  of  Hitch- 
cock County  the  wind  has  eroded  the  terraces  into  dune-sand  topog- 
raphy, as  illustrated  in  PL  VII,  B.  Terraces  on  the  south  side  of 
Republican  River  are  less  continuous  than  those  on  the  north,  owiiur 
mainly  to  the  fact  that  the  river  crowds  the  right  bank  at  places  and 
has  entirely  removed  the  benches. 

The  terraces  are  capped  by  an  alluvial  deposit  resembling  somewhat 
the  loess  in  texture,  but  showing  more  definite  stratification  an<l 
greater  variation  in  the  size  of  the  component  parts.  The  material  in 
the  high  terraces  in  Dundy  and  Hitchcock  contains  a  large  amount  of 
silt  and  in  many  respects  resembles  the  loess  to  the  west.  It  contains 
remains  of  the  primitive  elephant  and  the  mastodon.  Bones  of 
Elephas  primigmius  were  found  by  Mr.  Max  in  the  terrace  deposii> 
just  north  of  the  town  of  Max ;  other  remains  of  this  species  have  also 
been  collected  from  these  beds  along  Driftwood  Creek  12  miles  south 
of  Trenton  and  at  several  other  localities  in  the  region. 

ALLUVIUM. 

A  relatively  thick  deposit  of  alluvium  occupies  the  floors  of  «ill  the 
principal  valleys  and  their  tributaries  throughout  this  portion  of 
Nebraska.  It  generally  consists  of  sand,  gravel,  and  clay  whicli 
shows  considerable  variation  in  character  in  different  parts  of  the 
region. 

The  thickness  of  the  deposit  varies  from  20  to  80  feet,  the  average* 
being  about  50  feet.  The  broader  areas  of  alhivium  are  composed  of 
fine  sand  near  the  surface,  with  medium  to  coarse  gravel  below,  and 
in  most  localities  beds  of  clay  of  variable  thickness  have  been  encoun- 
tered by  well  drillers.  Along  the  smaller  tributaries  the  alluvium 
varies  greatly  in  amount  and  character,  according  to  the  nature  of 
the  formations  from  which  the  material  is  supplied.  The  smaller 
streams  traversing  Tertiary,  Dakota,  or  Pleistocene  formations  usu- 
ally contain  much  alluvial  sand  and  gravel,  while  those  flowing  over 
only  Niobrara  and  Benton  formations  have  but  little  alluvium  along 
their  course,  for  the  materials,  being  fine-grained,  are  usually  tran^^- 
ported  at  flood  times  to  the  larger  stream  courses,  leaving  .the  bed 
rock  uncovered.  At  Fairbury,  along  Little  Blue  River,  the  alluvial 
bottom  land  is  from  ^  to  2  miles  in  width.  The  depth  of  the  deposit 
is  not  definitely  known,  but  it  has  been  penetrated  to  reported  depths 
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of  60  to  80  feet.  In  this  region  it  is  composed  of  medium  to  coarse 
sand,  gravel,  and  clay,  with  a  small  proportion  of  decomposed  organic 
matter. 

DTTVE  8AHD8. 

In  the  western  part  of  Dundy  County,  northeast  of  Ilaigler,  the 
Tertiary  sands  have  l>een  blown  by  winds  into  hills  and  ridges,  with 
intervening  dry  valleys  and  basins  forming  a  typical  sand-hill  region, 
as  shown  in  PI.  VIH,  R.  In  some  places  ahmg  the  Republican,  as 
far  east  as  Trenton,  the  high,  silty  terrace  has  In^en  more  or  less  eroded 
by  the  wind,  forming  blow-outs  and  dunes.  In  places  the  dune  sands 
are  encroaching  on  the  river.  The  veneer  of  sand  is  thin,  and  has 
Wn  largely  derived  from  the  Tertiary  materials  and  high-terrace 
deposits.  Small  terrace  dunes  are  also  found  along  the  sandy  bottoms 
of  Little  Blue  River  near  Fairl)ury  and  at  numerous  places  along  the 
Republican. 

KCX)XC)MIC  GKOIjOOY. 

MINERAL  RESOURCES 

The  region  to  which  this  report  relates  possesses  various  mineral 
resources,  some  of  which  are  sufficiently  valuable  to  warrant  develop- 
ment. 

(UAL. 

Prosj:)ecting  for  coal  has  been  in  progress  throughout  the  region 
since  the  time  of  earliest  settlement.  Three  carbonaceous  horizons, 
each  in  a  different  formation,  have  seemed  promising  to  prospectors. 

The  first  is  in  the  upper  part  of  the  Dakota  formation,  where  thin 
heds  of  impure  lignite  occur.  During  1J)0H  a  small  amount  of  this 
coal  was  mined  three-quarters  mile  east  of  Powell,  Jefferson  County. 
The  thickest  bed  at  this  place  is  about  7  inches  and  it  outcrops  in  a 
ravine  north  of  Little  Blue  River.  Thin  beds  of  lignite  probably 
occur  in  many  parts  of  the  Dakota  formation  throughout  the  region, 
but  there  are  few  outcrops,  and  it  is  doubtful  if  the  material  ever 
reaches  a  workable  thickness.  Coal  is  mined  to  some  extent  from  the 
Dakota  formation  at  a  few  localities  in  Kansas,  south  of  Thayer  and 
Xuckolls  counties,  and  the  same  amount  and  quality  of  coal  that  is 
worked  in  Jewel  County,  Kans.,  is  believed  to  extend  to  the  vicinity 
of  Hardy  and  Superior,  Nebr.,  but  the  depth  at  which  it  would  be 
reached  then  entirely  precludes  the  possibility  of  working  it  success- 
fully. 

The  second  carbonaceous  horizon  lies  above  the  Dakota  in  the 
Ciraneros  shale,  the  lowest  division  of  the  Benton  group.  The  rock  of 
this  horizon  outcrops  at  several  places  in  Jefferson  County,  where  it 
has  been  prosi)ected  extensively,  but  without  success. 
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Tlie  third  carbonaceous  horizon  referred  to  is  in  the  lower  part  of 
the  Pierre  shale.  It  has  been  prospected  more  or  less  in  the  region 
l)etween  Republican  and  Arapahoe,  also  south  and  west  of  Orleans 
but  offers  no  encouragement  whatever  of  affording  true  coal  or  lignite. 

PETROLEITM    AND   NATTER AL  GAS. 

^^Tiile  there  are  no  grounds  for  l)elieving  that  petroleum  and  <rsi"^ 
may  l)e  obtained  by  l)orings  in  the  Republican  Valley  region,  thes^' 
materials  may  possibly  occur,  and  the  possibilities  are  such  as  to 
warrant  more  complete  and  detailed  investigation.  There  are  no  sur 
face  incHcations  of  oil  and  the  only  gas  reported  is  a  small  amount  in 
a  well  405  feet  deep  at  McCook.  This  well  yields  a  flow  sufficient  to 
afford  a  flame  that  flashes  up  from  a  cap  on  the  casing  and  bums  more 
strongly  than  an' ordinary  gas  jet.  The  engineer  at  the  pumping  sta- 
tion where  the  well  is  located  stated  that  enough  gas  collects  in  the 
cap  to  burn  about  one-half  hour. 

The  presence,  discovered  by  Mr.  Dart  on  several  years  ago,  of  an 
anticlinal  arch  in  Furnas  County,  has  excited  much  interest  in  its  rela- 
tion to  the  possible  occurrence  of  oil  or  gas,  and  plans  have  been  matle 
tot  drilling  for  these  products.  The  crest  of  this  arch  extends  down 
Medicine  Creek  through  Cambridge  and  southeastward  across  Furn:b 
County,  and  if  oil  or  gas  are  present  underground  they  might  U' 
expected  along  that  line.  There  is,  however,  no  evidence  whatever 
that  the  region  is  underlain  by  rocks  containing  oil  or  gas.  The 
Dakota  sandstone,  which  lies  about  700  feet  below  the  river  at  Cam- 
bridge has  never  yielded  oil,  and  probably  at  a  depth  of  about  IM^ 
feet  it  is  underlain  by  red  beds,  which  are  nonproductive;  the  thick- 
ness of  the  latter  is  unknown,  but  probably  it  is  over  500  feet.  The 
red  beds  are  underlain  by  limestone  and  shale,  which  might  possibly 
yield  some  products  of  value;  the  depth  pf  these  increases  rapidly 
to  the  west  and  t6  the  east  of  the  arch. 

The  Carl)oniferous  rocks  which  carry  oil  and  gas  in  southeastern 
Kansas  extend  under  south-central  Nebraska,  but  several  deep  well- 
which  have  penetrated  these  rocks  in  northern  Kansas  found  no 
oil.  The  Dakota  formation  under  the  Republican  Valley  carrie> 
artesian  water  under  heavy  pressure,  a  condition  which  would  pre- 
vent the  accunuilation  of  oil  or  gas.  The  oil  of  eastern  Colorado  is 
obtained  from  sandy  IhhIs  in  the  Pierre  shale,  and  possibly  such  M- 
nuiy  be  found  in  the  formation  in  Hitchcock  and  Dundy  counties. 

mTIU)IN(i    S1X)NE. 

Building  stone  is  quarried  at  many  points  in  the  Republican  Valley. 
The  Dakota  sandstone,  though  more  or  less  friable  and  not  of  pleu>- 
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ing  color,  is  quarried  southeast  of  Endicott  and  southeast  of  Kester- 
son.  This  material  is  used  mainly  for  foundations  and  culverts  in 
Fairbury,  Endicott,  and  Steele.  A  thin  bed  of  compact  sandstone  is 
found  in  the  Dakota  formation  about  2  miles  northwest  of  Fairbury, 
which  closely  resembles  quartzite,  and  a  hard  sandstone  similar  in 
character  occurs  near  Junction,  but  neither  of  these  is  sufficiently 
extensive  to  be  valuable.  The  Greenhorn  limestone  has  been  quarried 
for  twenty  years  in  the  vicinity  of  Hubbell,  and  although  the  present 
output  is  only  about  40  cars  per  year  it  formerly  exceeded  *200  cars. 
Most  of  this  stone  is  now  used  in  the  northern  part  of  Kansas.  A  line 
of  small  quarries  extends  along  the  hill  slopes  wherever  the  Green- 
horn formation  is  exposed.  The  principal  quarries  of  this  rock  within 
this  region  are  located  about  5  miles  northwest  of  Fairbury,  a  few 
miles  northeast  of  Gladstone,  north  of  Gilead,  south  of  Kesterson, 
and  in  the  vicinity  of  Hubbell.  Most  of  the  stone  is  obtained  from 
the  so-called  Fencepost  member,  and  other  beds  are  worked  locally. 
The  product  is  used  principally  in  building  foundations,  culverts, 
and  sidewalks.  The  Greenhorn  limestone  is  used  for  structural  pur- 
poses throughout  Jefferson,  Thayer,  and  Nuckolls  counties.  It  has 
l>een  burned  successfully  to  lime  northwest  of  Fairbury. 

The  Niobrara  chalk  rock,  though  soft,  has  been  quarried  for  build- 
ing purposes  along  the  Republican,  between  Superior  and  Alma.  It 
is  easily  dressed  and  its  color  is  not  objectionable.  The  lower  mem- 
ber of  the  formation  has  been  less  extensively  quarried  in  Nebraska 
than  in  Kansas,  where  it  is  crushed  at  Montrose  and  used  for  ballast 
along  the  Chicago,  Rock  Island,  and  Pacific  Railway.  At  Alma  the 
upper  beds  of  the  Niobrara  have  been  used  for  street  pavements.  The 
chalk  packs  firmly,  sheds  water,  and  wears  well.  In  the  vicinity  of 
Cambridge,  flinty  beds  of  the  Niobrara  are  quarried  for  building 
purposes.  The  A.  Brown  quarry  (PI.  VIII,  .4),  2^  miles  northeast 
of  Cambridge,  has  been  worked  for  twenty  years.  This  flint  extends 
over  a  wide  area  in  the  vicinity  of  the  anticline  both  in  Nebraska  and 
in  Kansas,  and  it  might  be  used  as  a  railroad  ballast. 

The  Tertiary  "  mortar  beds  "  aiford  stone  suitable  for  foundation 
purposes  in  every  county  west  of  Harlan.  The  so-called  ''  granite "' 
at  Woodruff  is  a  compact  sandstone,  or  quartzite  occurring  in  the 
Tertiary.  It  is  quarried  and  crushed  for  railroad  ballast  and  con- 
crete at  the  Atwood  Company's  quarry,  about  2  miles  west  of  Wood- 
ruff, Kans.,  and  about  one-fourth  mile  south  of  the  State  line.  The 
stone  is  very  hard,  usually  olive  green  in  color  and  fine  to  medium 
grained,  but  the  color  and  texture  show  some  variation.  The  beds 
quarried  range  from  6  to  12  feet  in  thickness.  Stone  of  this  horizon 
occurs  in  the  vicinity  of  Lookout  Mountain  southeast  of  Franklin, 
Nebr.,  where  large  blocks  appear  on  the  sloi>es  of  the  hill.     A  ledge  of 
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rock  of  somewhat  similar  nature  but  of  finer  texture  outcrops  at 
places  along  Republican  River  in  Furnas  and  Redwillow  counti^. 
It  is  3  to  4  feet  thick,  and  best  exposed  south  of  the  river  between 
Bartlett  and  Indianola. 

CEMENT. 

Portland  cement  is  largely  manufactured  from  limestone  or  chalk 
mixed  with  the  proper  proportion  of  clay  or  sliale.  These  materials 
are  ground,  thoroughly  mixed  together  and  burned,  and  then 
reground.  The  Niobrara  chalk  rock  and  the  Pierre  shale  are  used 
in  the  manufacture  of  cement  at  Yankton,  S.  Dak.,  and  these  same 
formations  outcrop  along  the  Republican,  where  probably  they  could 
be  utilized  for  that  purpose.  Unfortunately,  in  the  area  in  which 
the  chalk  rock  is  most  favorably  exposed,  it  is  not  overlain  by  the 
clay,  but  large  supplies  of  this  ingredient  could  be  obtained  at  no 
great  distance.  Other  important  factors  to  be  considered  in  the 
production  of  cement,  aside  from  the  materials  used,  are  fuel  and 
water  supply,  but  the  conditions  for  thase  are  as  favorable  in  Repub- 
lican Valley  as  in  some  other  places  where  cement  is  profitably 
produced. 

CLAY. 

Tlie  Dakota  formation  contains  extensive  beds  of  high-class  clays 
near  Fairbury,  Endicott,  and  Steele.  Southeast  of  Steele  the  middle 
member  of  the  formation  is  composed  of  light-colored  to  mottled 
clays,  which  appear  over  an  area  of  several  square  miles,  in  slopes 
rising  from  the  level  of  the  river  to  an  altitude  of  1,325  feet. 
Between  Steele  and  Endicott  there  is  a  clay  pit  from  which  the 
product  is  shipped  to  Hastings  and  Beatrice  for  use  in  the  manufac- 
ture of  brick  and  tiling.  An  abandoned  pit  near  Endicott,  which 
was  worked  out  by  a  Beatrice  firm  a  few  years  ago,  afforded  over 
1,000  cars  of  clay  for  use  in  the  manufacture  of  brick,  pottery,  and 
tiling.  Clays  of  the  Dakota  formation  produce  very  fine  grades  of 
brick  and  on  that  account  will  doubtless  be  more  extensively  used. 
Unfortunately  there  are  no  large  towns  near  the  outcrop  areas,  and 
the  haulage  to  Lincoln  and  other  principal  cities  of  Nebraska  is 
long  and  expensive.  There  are  brickyards  in  most  counties  of  the 
region  manufacturing  brick  from  either  Dakota  clay,  loess,  or 
alluvium.  The  principal  yards  are  at  Fairbury,  Hebron,  Deshler, 
Nelson,  Alma,  Beaver  City,  and  Arapahoe. 

SAND   AND    (JRAVEL. 

Some  of  the  deposits  of  sand  and  gravel  in  the  Republican  Valley 
will  eventually  prove  to  be  valuable.  The  sand  is  extensively  dis- 
tributed while  the  gravel  is  of  less  common  occurrence.  Most  sand- 
pits are  operated  for  local  use,  yet  a  few  ship  to  towns  some  distance 
away. 
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The  sands  and  gravels  worked  come  from  the  Dakota  formation 
and  from  Tertiary,  glacial,  and  alluvial  deposits,  the  last  two  being 
the  most  important  sources.  The  Dakota  formation  contains  friable 
sandstone,  which  at  places  afford  .a  small  supply  of  sand.  The  Ter- 
tiary sands  are  mostly  fine  grained,  but  the  gravels  are  locally  coarse* 
enough  for  use  as  railroad  ballast.  It  is  from  the  stratified  deposits 
forioed  during  the  Pleistocene  that  most  of  the  sand  and  gravel  is 
obtained.  The  principal  materials  are  of  western  origin  and  outcrop 
along  Little  Blue  and  Republican  rivers.  Along  the  former  they 
are  intermixed  somewhat  with  materials  of  glacial  origin  and  are 
coarser  than  the  deposits  farther  west.  The  main  center  for  sand 
and  gravel  is  Fairbury,  but  the  deposits  extend  far  westward  and  are 
worked  at  or  near  Superior,  Red  Cloud,  Beaver,  Arapahoe,  Cam- 
bridge, Trenton,  and  beyond.  The  sands  usually  lie  in  an  acces- 
sible position  just  below  the  loess.  There  is  an  inexhaustible  supply 
of  coarse  sand  and  fine  gravel  about  Kesterson,  Fairbury  Junction, 
Helvey,  Powell,  and  Hebron.  The  lower  surface  in  Jefferson  County 
is  very  irregular,  resting  on  the  eroded  upper  surface  of  older  forma- 
tions. In  places  the  sand  is  not  overlain  by  loess  and  at  such  places 
ver}-  little  or  no  stripping  is  necessary,  ^^liere  railroad  facilities 
are  favorable  the  expense  of  production  is  low. 

The  other  principal  source  of  sand  is  the  alluvial  deposits.  The 
Jiand  in  the  Republican  bottom  lands  averages  too  fine  for  plaster, 
but  might  be  used  as  a  filler  for  concrete  work  and  it  may  yet  prove 
to  be  adapted  to  the  production  of  sand-lime  brick.  Where  the  de- 
posits along  the  streams  have  been  derived  from  near-by  glacial 
sands  they  have  not  changed  greatly  in  character,  but  remain  coarse 
enough  for  building  purposes.  This  is  the  case  in  the  deeper  parts 
of  the  flood  plain  from  Alexandria  to  Fairbury.  The  sands  along 
the  river  at  Fairbury  are  reported  more  than  80  feet  thick  at  places. 
In  the  vicinity  of  Bostwick  a  small  ravine  contains  much  coarse  sand 
derived  from  a  bed  beneath  the  loess  and  this  sand  is  used  locally 
for  plaster.  In  many  localities  there  are  sand  deposits  under  the 
loess,  but  they  are  not  often  well  exposed. 

Sandpits  are  found  in  the  vicinity  of  nearly  all  towns.  The  largest 
J^hipments  are  from  the  Chicago,  Rock  Island  and  Pacific  Railway 
f^andpit,  located  northwest  of  Fairbury  on  a  switch  of  the  Nelson 
Branch.  An  old  pit  on  a  switch  of  the  Chicago,  Burlington  and 
Quincy  Railroad  just  west  of  Kesterson  has  afforded  thousands  of 
tons  during  the  many  years  in  which  it  has  been  worked.  The  St. 
•Joseph  and  Grand  Island  Railway  ships  from  a  pit  about  midway 
l)etween  Endicott  and  Steele. 

The  sand  of  the  various  pits  is  used  principally  for  plaster,  ma- 
sonry construction,  ballast^  and  in  the  manufacture  of  artificial  stone. 
The  demand  for  it  is  increasing  for  each  purpose  named,  especially 
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the  last.  Artificial  stone  plants  are  operating  now  in  most  of  the 
larger  towns  where  a  supply  of  sand  can  be  had  within  a  few  miles. 
as  at  Fairbury,  Hebron,  Superior,  Nelson,  Red  Cloud,  Cambridge, 
and  McCook.  The  product  is  becoming  not  only  a  rival  of  natural 
stone  but  of*  brick  as  well. 

VOLCANIC   ASH. 

Volcanic  ash  is  a  light-colored  powdery  deposit  of  volcanic  origiiu 
It  is  thought  to  have  been  thrown  into  the  air  by  volcanoes  in  th»» 
mountains  and  carried  far  eastward  by  the  wind,  and  in  some  ca?*^ 
to  have  been  again  taken  up  later  and  redeposited  by  water.  It  i- 
composed  of  hard,  angular  fragments  .of  volcanic  glass  resemblin^r 
pulverized  pumice,  and  occurs  as  thin  beds  and  irregular  pockets  in 
the  Tertiary  formations.  The  thickest  beds  are  in  Furnas  and  Harlan 
counties. 

Mr.  S.  C.  Zike  formerly  hauled  and  shipped  from  a  pit  5  mife 
south  of  Edison  from  an  opening  now  30  feet  high  and  over  100  feet 
long.  The  ash  was  shipped  to  some  of  the  larger  eastern  cities.  Mr. 
J.  C.  Gay  of  Orleans  is  shipping  the  ash  from  that  town  under  the 
name  of  silica.  The  product  goes  principally  to  Europe  and  is  used 
as  an  abrasive  and  in  the  manufacture  of  sapolio. 

The  following  analysis  of  Harlan  County  ash  by  Mr.  R.  S.  Hiltner 
gives  the  chemical  composition : 

A  naif/Mis  of  volcanic  ash  from  Harlan  County, 

Per  cent 

Sillra  (SiO^) 7\.y> 

Irou  oxide  and  aliiiiiina   (FcvO..  and  Al.Oa) ir>.4H 

Calcium  oxide  (CaO) 1.1?* 

Majjnesium  oxide  (MgO) __   .4l> 

Sodium  and  potassium  oxides  (  Na/)  and  KjO) ."i.^l 

Sulphuric  auliydride  (SO3) .~» 

Loss  on  ignition o.  4S 


100 
(K'HER. 

Two  formations  carry  ocher  (hydrated  oxide  of  iron),  which  i- 
used  to  a  limited  extent  for  paints.  The  Dakota  clays  east  of  Endi- 
cott,  and  in  sees.  19,  24,  and  30,  T.  1,  R.  3  E.,  southeast  of  Kesterson, 
contain  a  large  admixture  of  reddish  and  yellowish  ocher.  In  the 
last-named  locality  the  yellowish  to  reddish  deposits  extend  onto  a 
number  of  slopes  in  that  vicinity. 

Portions  of  the  Niobrara  formation  are  ocherous  in  much  of 
Franklin  and  Webster  counties,  and  also  on  the  anticlinal  fold  farther 
west,  where  the  Pierre  clay  has  been  removed  by  erosion.  At  Indian- 
ola  paints  are  manufactured  from  the  weathered  upper  surface  of 
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the  Niobrara  at  a  level  of  30  feet  l)elow  the  town.  The  bed  is  11  feet 
thick  at  a  shaft  in  the  western  part  of  the  town,  and  thins  out  south- 
ward. The  ocher  was  mined  about  twelve  years  ago;  the  shaft  has 
l>een  reopened  recently  by  Adolph  Smith  and  J.  P.  Reiter,  who  have 
installed  a  mill  and  are  now  placing  several  grades  of  the  product 
on  the  market. 

WATER  RE80I:RCE8. 

On  account  of  their  economic  importance  and  their  close  relation 
to  public  health  the  water  resources,  especially  the  underground 
water  of  this  region  have  been  given  special  consideration.  The 
principal  water  supplies  are  obtained  from  wells,  springs,  streams, 
and  lakes  or  ponds.  These  may  be  classified  as  surface  and  under- 
ground waters. 

St'RFAC'E     WATERS. 
OENEXAL  CKAXACTEX. 

The  surface  waters  in  this  region  are  products  of  local  rainfall  in 
a  catchment  area  but  very  slightly  larger  than  the  district  to  which 
this  report  relates.  The  amount  of  direct  run-off  in  any  region 
depends  on  the  quantity  and  nature  of  the  rainfall,  the  texture  of  the 
soil,  and  the  drainage  conditions,  the  maximum  amount  being  where 
steep  slopes  prevail  and  the  soil  is  fine  textured.  The  run-off  in  this 
district  is  largest  in  the  rougher  parts  of  the  central  counties  and  east- 
ward, where  the  rainfall  is  greater  and  the  fine-grained  loess  soil 
covers  most  of  the  surface,  the  minimum  amount  being  lost  where  the 
soil  is  open  textured  and  the  land  not  surface  drained.  In  the  sand- 
hill region  and  in  most  of  the  Tertiary  area  the  direct  run-off  is 
small  and  much  water  is  absorbed ;  the  rainfall  is  light  and  the  soil  is 
very  porous. 

In  certain  canyons  heading  high  in  the  table-lands  the  run-off  is 
large,  especially  after  a  hard,  driving  rain.  Train  Canyon,  for  exam- 
ple, has  bare  clay  slopes,  great  declivity,  no  springs,  and  never  car- 
ries water  except  after  what  is  called  a  waterspout.  At  such  times 
water  fills  the  canyon  and  flows  out  into  the  Republican  Valley  with 
force  sufficient  to  deflect  the  river  temporarily  across  its  flood  plain. 
The  railroad  bridge  across  the  lower  course  of  the  canyon  has  been 
damaged  by  this  rush  of  water. 

XEPUBLICAN  RIVER. 

Republican  River  heads  in  the  table-lands  of  eastern  Colorado 
many  miles  east  of  the  Rocky  Mountains,  and,  entering  Nebraska  in 
the  southwestern  corner  of  Dundy  County,  flows  east  about  2r)0  miles 
across  that  State  before  it  turns  south  into  Kansas,  near  Superior, 
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The  principal  affluents  are  South  P^ork,  Frenchman  River,  and  Metli- 
cine,  Sappa,  and  Prairiedog  creeks.  In  Colorado  its  valley  is  mostly 
in  porous  Quaternary  and  Tertiary  deposits,  but  in  Nebraska  it  is 
excavated  in  impervious  Cretaceous  rocks.  Throughout  its  course  the 
river  flows  over  a  deposit  of  alluvium  of  its  own  deposition.  The 
depth  of  the  valley  bottom  below  the  bordering  table-lands  and  loess 
plains  varies  from  200  to  about  400  feet. 

The  stream  is  mostly  shallow  and  relatively  wide  and  its  sandy  bet! 
is  bordered  by  low  sandy  banks,  except  in  places  where  it  cuts  into 
bordering  terraces,  where  the  banks  are  higher  and  precipitous.  The 
river  scours  its  right  bank  much  more  than  the  left,  A  typical  view 
of  the  river  is  given  in  PL  IX,  A. 

Throughout  its  course  the  stream  is  supplied  by  spring- fed  tribu- 
taries. In  the  western  counties,  where  the  rainfall  is  small  and  di- 
rect run-ofl^  is  rapid,  the  river  bed  often  is  dry  in  midsummer  inmie- 
diately  above  the  mouths  of  Bufl'alo,  Rock,  and  Frenchman  creeks, 
while  the  flow  from  these  streams  revives  the  flow  in  the  river  below 
their  mouths.  This  loss  of  water  at  the  surface  is  due  to  evaporation, 
especially  where  the  water  is  used  for  irrigation.  Such  alternating 
dry  and  running  portions  of  the  course  of  the  river  extend  as  far  ea-st 
as  Superior  during  periods  of  drought.  Only  once  in  twelve  3'ears  ha> 
the  river  ceased  to  flow  at  Red  Cloud  and  Superior.  The  river  water 
is  useful  mainly  for  stock,  irrigation,  and  power.  The  following 
data  were  compiled  by  Mr.  J.  C.  Stevens,  of  the  United  States  Greo- 
logical  Survey: 

Estimated  monthly  discharge  of  Republican  River  at  Benkelman,  Nebr.^  1895, 

lUOS,  lf)OJi. 


Month. 


Maximum.  Minimum.       Mean. 


TotHl. 


March  (30 days). 

April 

May 

June 

July 

August 


May  (20-31) 

June 

July 

August 

September 

October 

November  (1-20). 


1903. 


March  . 
April.., 
May. 


June 

July 

August 

September  . 

October 

November  . 


Sec-fL 

Sec.-/l. 

Sec'jl.     ' 

A(TC-/f^L 

162 

29 

78  1 

4,^^' 

95 

as 

59 

3,^31 

•281 

0 

25  1 

l.MO 

830 

34 

155  1 

9.111' 

6.V, 

41 

120 

7.  $w) 

102 

0 

34 

'»  tw 

71 

47 

58  1 

!.:><' 

81 

48 

59, 

8,M' 

112 

19 

39  : 

2.  iKti 

61 

26 

'X2 

1.97U 

47 

19 

39  1 

2.3-J)t 

M 

43 

49  ' 

a.l'U' 

t'A 

50 

56 

2,i'U 

111 

46 

89  ' 

5.  i7«i 

12-4 

30 

65 

3.^7^t 

99 

23 

M  , 

3,810 

227 

46 

91 

6,49' 

211 

5 

40, 

2,.VJ«t 

165 

10 

29  1 

1,7^» 

46 

0 

15 

8yJ 

19o 

30 

61 

S.  7.V' 

87 

55 

65 

S,sio 
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A.     REPUBLICAN  RIVER  SOUTH  OF  BOSTWICK,  NEBR. 


B.     SAND-HILL  LAKE,  DUNDY  COUNTY,  NEBR. 
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Estimated  monthly  discharge  of  South  Fork  of  Republican  River  at  Benkelman, 
Nebr.,  for  the  years  1903-1905. 


Month. 


DischanH^e  In  second-feet. . 


1908. 

Hay  (20-81) 

Jane 

July 

Aa)f  a«t 

September  (1-5  and  14-8U) . . . 

October 

November  (1-20) 


March 

April 

M*y 

June 

July 

August 

September . 
October.... 
November  . 


1904. 


March  (17-81). 
ADril 


1905. 


M*y 

June 

July 

August  (1-18) . 


Maximum. 

Minimum. 

Mean. 

lOUll. 

Aere-feet. 

67 

86 

48 

1.140 

66 

7 

37 

2,200 

36 

7 

15 

922 

79 

1 

25 

1,540 

22 

7 

15 

665 

50 

22 

39 

2,400 

66 

50 

67 

2,260 

102 

31 

60 

8,600 

•   66 

6 

21 

1,260 

256 

47 

92 

6,680 

897 

47 

132 

7.860 

115 

6 

39 

2,420 

89 

11 

24 

1,480 

47 

6 

13 

774 

116 

81 

67 

8,540 

66 

1 

47 

69 

3,680 

249 

96 

169 

4,780 

800 

62 

141 

8,800 

137 

62 

100 

6,160 

283 

21 

68.6 

4,080 

152 

5 

85.4 

2,180 

96 

21 

47.7 

1,280 

Estimated  monthly  discharge  of  Republican  River  at  iSuperior,  Nehr.,  1897-1903. 
[Drainage  area.  22,347  square  miles.]  . 


Run-off. 


Month. 


Discharge  in  second-feet. 

Mean       acre-feet.  I  Sec.-ft.  per  I  Depth  in 


Maximum.  Minimum. 


I 


March 

April.. ..-^. 

Miy 

June 

July 

August 

September. , 


1897. 


April 

May 

June 

July 

August 

September . 
October.... 
November  . 


1898. 


March 

April 

May 

June 

July 

August 

September . 
October.... 


1899. 


April 

May 

June 

July 

August 

September . 
October.... 
November . 


1900. 


650 
2,870 
1,180 
a  750 
4,310 
1,460 

241 


ft  2, 180 

1.870 

2,300 

1,340 

380 

470 

865 

O470 


rf966 

842 

l.Htt) 

4.040 

1,3«0 

868 

102 

101 


1,670 

2,940 

674  I 

349  ■ 

1.2>0 

2,010 

148 

*162 


385 
620 
180 
180 
119 
94 
0 


Total  In 


.per 
sq.  mile.      inches. 


510 
1,244 
420 
359 
922 
269 
71 


490 

756 

500 

l.a53 

560 

1.235 

220 

479 

100 

195 

185 

289 

14,5 

2W 

320 

382 

(30j 
375 
292 
141 
209 
136 
6 
24 


565 

320 

250 

67 

24 

« 

26 

36 


70(i  . 
578 
511  I 
531  , 

4^8 

mA  \ 

50 
53 


31,360 
74.020 
26,820 
21, 400 
56,690 
15,920 
4,220 


44.960 
64.750 
73.490 
29,450 
11,990 
17.200 
16,230 
22,730 


43,410 
34,390 
31,420 
31.600 
28,160 
18,630 
2,980 
3,260  I 


0.028 
.066 
.019 
.016 
.041 
.012 


.08 
.06 
.06 
.02 
.01 
.01 
.01 
.02 


.031 
.026 
.023 
.021 
.020 
.014 
.002 
.002 


0.026 
.062 
.022 
.018 
.047 
.014 
.008 


909 

54,090 

.04 

735 

45,190 

.03 

892 

23,330 

.02 

159 

9.780 

.OOti 

149 

9,160 

.006 

156 

9.280 

.006 

69 

4,240 

.003 

87 

6.180 

.004 

.06 
.07 
.02 
.01 
.01 
.01 
.02 


.015 
.029 
.026 
.023 
.023 
.016 
.002 
.002 


.04 

.03 

.02 

.007 

.007 

.007 

.003 

.004 


aJnne  1-25. 
ft  April  20-80. 

8e02— IBB  216—07 3 


o  November  1-19. 
d  March  19-81. 


«  November  1-24. 
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EslimaUd  monthly  discharge  of  Republican  River  at  Superior^  Nebr.j  1897-J90S—Coiit\\. 


DhKhtLTge  in  second-feet. 


Month. 


April 

May 

June 

July 

August 

September 

October 

November. 


1901. 


March 

April 

May 

June 

July 

August 

September . 

October 

November  . 


1902. 


March 

April 

May 

June 

July 

August 

September . 

October 

November  . 


1903. 


Maximum.  Minimum.     Mean, 


1,610 

G22 

480 

IM 

856 

4,990 

1,490 

1,080 


a920 
740 
2,810 
8,240 
12,490 
1,920 
10,880 
1,990 
970 


e7,760 

1,260 

14,100 

6,460 

7.820 

8,280 

700 

390 


687 

346 

117 

5 

5 

10 

286 

812 


830 
890 
335 
320 
970 
330 
155 
620 
460 


705 
845 
886 
466 
520 
270 
245 
130 


961 

864 

219 

44 

70 

1,246 

443 

419 


675 

565 

1.269 

1.372 

'>3,080 

674 

1,175 

987 

622 


2,692 

918 

4.491 

1,921 

1,948 

1,230 

389 

326 

417 


Total  in 
acre  feet. 


57,180 
22,380 
13,090 
2,620 
4,300 
74,140 
27,240 
24,930 


Run-ofT. 


Sec.-ft.per  Depth  in 
sq.  mile,      inches. 


.043 
.016 
.010 
.002 
.008 
.066 
.030 
.019 


29,450 

.03 

33,020 

.02 

78,020 

.06 

81,640 

.06 

H89.360 

f>.u 

41,440 

.03 

69.910 

.05 

57,610 

.04 

37.010 

.03 

96,110 

.120 

64,620 

.041 

276, 140 

.201 

114,810 

.as6 

119.7F0 

.087 

75,630 

.(m 

23,150 

.017 

20.040 

.015 

24,810 

.019 

.048 

.CIS 
.011 
.002 

.aj3 

.(W2 

.oao 

.021 


.02 
.02 
.07 
.07 
6.16 
.03 
.06 
.05 
.03 


.080 
.(M6 
.232 
.096 
.100 
.063 
.019 
.017 
.021 


a  March  9-81. 


b  Exclusive  of  four  days'  flood  discharge. 


FBEHCHMAN  RIVER. 


c  March  14-3L 


Frenchman  River  is  fed  by  several  tributaries  in  Chase,  Perkins, 
and  Hayes  counties  and  flows  southeastward  to  join  the  Republican 
at  Culbertson.  Only  a  small  part  of  its  drainage  basin  is  within  the 
region  to  which  this  report  relates.  The  upper  tributary  streams  are 
in  deep,  steep-walled  canyons  and  gather  most  of  their  water  from 
springs  issuing  from  the  Tertiary.  Farther  downstream,  where  the 
slopes  decrease  in  grade,  the  valley  widens  and  is  cut  in  Pierre  clay. 
Near  its  mouth  the  stream  is  shallow  and  from  75  to  100  feet  wide. 
It  flows  over  a  sandy  bed  in  which  there  are  small  sand  bars  and 
islands.  At  Wauneta,  in  Chase  County,  the  river  falls  about  8  feet 
over  a  hard  ledge  of  Tertiary  rock,  as  shown  in  PL  X,  ^.  A  flour 
mill  is  run  by  power  from  this  fall. 
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A.    FALLS  OF  FRENCHMAN  RIVER  AT  WAUNETA.  NEBR. 


B.     SPRING  IN  DUNDY  COUNTY.  NEBR. 
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Estimated  monthly  discharge  of  Fret^chman  River  at  Palisade,  Nebr,,  for  1895 

and  1896. 


Month. 

Maximum. 

Minimum. 

Mean. 

Secowlrfeet. 

187 
129 
132 
158 
96 
78 

114 
104 
94 
76 
82 
82 

Total. 

March 

1896. 

Second-feet. 

156 
158 
600 
580 
487 
98 

200 
800 
145 
.  92 
89 
89 

Second-feet. 
98 
107 
111 
50 
54 
64 
68 

92 
50 
80 
63 
77 
76 

Ar  re-feet. 
6,460 

April 

8.  lf)0 

mSv ::::.::::::::::::::::::::::::::::::::: 

7,P30 

June 

7,H50 

July 

9,720 

August 

5,900 

September -  -  -  -  -  

4. 640 

May 

1896. 

7,010 

June 

6,190 

July 

5,780 

Auguftt 

4,670 

Se  ptem  ber 

4,880 

October 

5,040 

REDWILLOW  AVD  XEDICINE  OBEEXB. 

Redwillow  and  Medicine  creeks  are  similar  to  each  other  in  origin 
and  flow,  and  although  they  have  a  long  course  they  carry  but  a  small 
volume  of  water.  They  rise  in  canyons  near  Platte  River,  in  Lincoln 
County,  and  flow  to  the  Republican  through  deep  narrow  valleys  in 
a  nearly  level  upland.  Each  has  sufficient  power  for  the  successful 
operation  of  flour  mills. 

BEAVER  AKD  SAPPA  CREEKS. 

Beaver  and  Sappa  creeks  are  much  alike  in  flow  and  drainage  area, 
heading  in  the  vicinity  of  the  Colorado  line  and  receiving  the  run-off 
of  a  considerable  portion  of  northwestern  Kansas.  They  flow  north- 
eastward parallel  to  the  Republican,  unite  in  the  eastern  part  of 
Furnas  County,  and  join  the  Republican  near  Orleans.  Both  creeks 
flow  over  a  bed  of  alluvium  lying  on  the  Niobrara  formation.  The 
volume  of  water  is  small,  but  the  flow  is  constant  in  the  Nebraska  part 
of  their  courses,  where  it  is  augmented  by  the  run-off  and  by  several 
tributaries  fed  by  small  springs.  Only  one  gaging  is  on  record.  It 
was  made  on  Beaver  Creek  one-fourth  of  a  mile  below  the  mill  at 
Stamford  by  J.  A.  Green,  July  6,  1904.  The  surface  width  below  the 
confluence  of  the  creeks  is  21  feet ;  the  area  of  the  cross  section  of  the 
iitream  is  33  feet:  the  mean  velocity  95  feet,  and  the  discharge  30 
second-feet 

PEAntlEDOO  CBEEX. 

Prairiedog  Creek  rises  in  Kansas,  but  flows  for  a  few  miles  through 
Harlan  County,  which  it  enters  with  volume  about  as  great  as  that  of 
Sappa  Creek.  Near  its  mouth,  south  of  the  town  of  Republican,  the 
creek  cuts  into  the  Niobrara  chalk,  which  causes  small  rapids  in  its 
bed.  The  stream  is  not  now  used  in  Nebraska  either  for  power  or 
irrigation. 
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LITTLE  BLVE  KXYER. 

Little  Blue  River  is  next  to  the  Republican  in  volume.  Its  tribu- 
taries rise  in  the  loess  plains,  principally  in  the  vicinity  of  Hastings, 
and  gather  water  from  the  long  slopes  extending  to  the  brink  of  the 
Platte  Valley.  The  general  slope  of  the  drainage  basin  is  southeast- 
ward, and  the  river  flows  into  Kansas  in  the  southeastern  part  of  Jef- 
ferson County.  The  drainage  area  comprises  approximately  13,000 
square  miles,  in  Webster,  Nuckolls,  Thayer,  and  Jefferson  counties; 
in  this  region  the  flow  is  constant,  even  during  periods  of  dry  weather. 
Much  of  the  water  is  derived  from  springs  issuing  from  Quaternary 
sands  and  from  Dakota  sandstone.  The  river  rises  considerably  dur- 
ing freshets,  and  during  these  times  has  a  strong  tendency  to  shift  its 
channel  in  the  sandy  bottom  lands.  During  the  past  year  the  stream 
has  straightened  its  course  at  several  places,  cutting  across  some  valu- 
able farm  lands,  notably  between  Endicott  and  Steele,  south  of  Alex- 
andria, and  near  the  Chicago,  Rock  Island  and  Pacific  Railway 
bridge  between  Hebron  and  Gilead.  These  changes  in  the  channel 
cause  much  damage  to  land,  crops,  and  roadways,  and  they  are  much 
more  frequent  on  this  stream  than  on  the  Republican. 

BFBIHaS. 

Springs  have  their  source  in  ground  water  which  issues  at  the  sur- 
face imder  various  conditions.  The  principal  horizons  at  which 
springs  occur  in  the  region  are  (1)  the  contact  zone  between  the 
Tertiary  and  the  underlying  Pierre  and  Niobrara  formations,  (2)  the 
base  of  Quaternary  materials  of  western  origin  where  they  overlie 
impervious  Cretaceous  beds,  and  (3)  the  Dakota  sandstone,  especially 
when  this  lies  above  clay  beds. 

Many  small  and  a  few  large  springs  appear  at  the  first-named 
horizon,  w^hich  extends  along  the  entire  length  of  Republican  River 
in  Nebraska  to  its  headwaters  in  Colorado.  Most  of  these  springs 
are  located  north  of  the  river,  the  strongest  being  at  or  near  the  heads 
of  tributaries.  Among  the  best  examples  are  those  on  the  Moore 
ranch  northeast  of  Haigler  (PL  X,  ^) ,  and  a  spring  near  Trenton. 

In  the  counties  as  far  west  as  Hitchcock,  and  as  far  east  as  Franklin, 
both  Tertiary  and  Quaternary  sands  yield  spring  water,  but  along 
the  tributaries  of  Little  Blue  River  in  northern  Thayer  and  Jefferson 
counties  water  comes  entirely  from  the  Pleistocene  sands.  Big  Sandy 
Creek  is  a  good  example  of  a  stream  which  derives  its  water  from 
these  sands. 

Spring  water  from  the  Dakota  sandstones  appears  to  come  from 
two  sources.  Part  of  it  from  distant  sources  is  artesian  water  e«icap- 
ing  along  the  outcropping  area  of  the  formation  from  eastern  Thayer 
County  to  the  Kahsas  line.     Some  of  this  water  flows  into  the  same 
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streams  that  receive  water  from  the  Quaternary  sands.  The  Dakota 
sandstone  outcrops  south  of  Rose  Creek,  probably  derive  their  spring 
water  from  the  local  rainfall,  the  water  percolating  down  to  clay  beds 
and  then  outward  to  the  surface. 

LAXE9. 

In  the  undissected  loess  plains  much  of  the  rainfall  is  caught  and 
retained  in  the  soil  and  in  numerous  temporary  ponds  during  wet 
weather.  Some  of  these  ponds  are  8  to  10  feet  deep  after  exception- 
ally heavy  rains,  and  while  a  few  contain  water  throughout  the  year 
most  of  them  either  remain  marshy  or  dry  up  during  the  summer 
months.  Such  ponds  occupy  only  a  small  part  of  the  surface  in  the 
level  uplands,  and  they  are  most  frequent  in  counties  lying  just 
north  of  the  eastern  part  of  the  region.  Some  of  the  wet-weather 
lakes  have  been  drained  and  the  land  thus  reclaimed  for  agricultural 
purposes. 

In  the  sand  hills,  where  the  drainage  channels  are  poorly  defined, 
the  rainfall  soaks  into  the  sands  and  at  the  time  of  heavy  rains  water 
fills  the  basins  sometimes  to  a  depth  of  several  feet.  Humus  and  fine 
silt  carried  into  the  basins  help  to  check  the  downward  movement 
of  the  water,  causing  it  to  accumulate  at  the  surface  during  rainy 
w^eather.  There  are  several  examples  of  such  lakes  in  Dundy  County, 
notably  between  the  heads  of  Buflfalo  and  Rock  creeks  (PI.  IX,  B). 

Storage  of  surface  water  by  means  of  artificial  ponds  has  been 
practiced  to  some  extent,  especially  near  heads  of  spring- fed  streams. 
Examples  of  this  kind  are  found  in  Rock  and  Buffalo  creeks  of 
Dundy  County.  There  are  lakes  also  at  various  localities  where  the 
water  is  held  by  mill  dams. 

ITNDERGROUND  WATERS. 
BOXmCE  OF  aROirKD  WATERS. 

The  volume  of  water  absorbed  by  the  ground  near  the  surface  varies 
not  only  with  the  amount  of  precipitation  but  also  somewhat  with 
topographic  conditions,  which  promote  or  retard  surface  drainage, 
and  especially  with  the  porosity  of  the  soil.  Some  of  the  absorbed 
water  is  lost  by  evaporation  and  some  percolates  to  lower  levels.  The 
loess  is  porous  and  the  vertical  structure  of  the  formation  is  a  favor- 
able feature,  but  the  fine  texture  of  the  material  greatly  diminishes 
its  capacity  for  absorption.  The  rate  of  motion  of  water  downward 
through  the  various  formations  varies  with  the  texture  and  pressure, 
the  motion  being  more  rapid  in  coarse  sands  and  gravels  than  in  rocks 
of  finer  texture.  The  Cretaceous  clays  are  of  such  fine  grain  that 
they  check  the  downward  motion  of  the  ground  water,  thus  often 
causing  it  to  accumulate  in  the  more  porous  overlying  sands  and 
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gravels.  The  thickness  of  the  latter  varies  from  0  to  100  feet,  and  the 
amount  of  ground  water  which  they  hold  is  very  great.  The  Tertiary 
and  Quaternary  sands  and  gravels,  when  completely  saturated,  con- 
tain from  25  to  30  per  cent  or  more  of  water.  Owing  to  underflow, 
however,  the  beds  are  usually  not  filled  to  the  top  but  only  up  to  a 
subsurface  plane,  which  may  be  level  or  sloping,  known  as  the  "  water 
table." 

Water  stored  underground  in  this  manner  is  often  the  accumulation 
of  many  years.  The  amount  is  increased  and  the  water  table  raised 
by  an  increase  in  rainfall,  and  is  lowered  correspondingly  during 
long  periods  of  drought.  This  subsurface  storage  of  wat«r  is  the 
main  supply  for  springs  and  wells  and  is  a  source  of  much  of  the 
moisture  supplied  to  growing  crops. 

aVALITY  OF  UNDEBaKOUND  WATER. 

Underground  water  contained  in  the  diflferent  geologic  formations 
varies  much  in  quality,  quantity,  and  accessibility.  Tertiary  sands 
and  gravels  usually  carry  an  abundance  of  soft  to  medium-hard 
water  at  moderate  depths.  The  water  of  the  other  formations  is 
slightly  hard,  "  alkali  "  or  saline,  containing  minerals  dissolved  from 
the  rocks  during  the  slow  percolation  of  the  water.  Pollution  by 
organic  matter  is  also  common,  especially  in  surficial  deposits.  Most 
of  the  Cretaceous  formations  contain  considerable  soluble  mineral 
matter,  and  as  a  result,  their  waters  often  are  not  of  good  quality. 
This  is  especially  the  case  with  the  Pierre,  Niobrara,  Carlile,  and 
Graneros  formations,  the  supply  from  which  is  often  unfit  for 
domestic  purposes.  The  porous  sandstone  of  the  Dakota  formation 
usually  yields  good  water  in  large  supply,  but  it  is  hard  and  often 
heavily  charged  with  iron.  Not  a  few  wells  in  this  formation  yield 
water  too  saline  for  drinking  and  house  use.  Alkali  water  is  most 
common  in  regions  where  the  Pierre  shale  outcrops  or  lies  close  to 
the  surface. 

The  waters  from  Tertiary  sands  have  wide  distribution  and  are 
readily  accessible.  Often  they  contain  but  little  mineral  matter, 
although  water  from  the  alluvium  sometimes  contains  much  alkali, 
derived  from  the  underlying  Pierre  shale. 

DEFLETIOK  OF  BtTPPLT. 

The  water  supply  near  the  surface  is  subject  to  considerable  varia- 
tion in  amount,  for  there  is  constant  evaporation  and  a  natural 
drainage  to  lower  levels. 

The  amount  of  underground  water  lost  by  seepage  or  springs  is 
considerable.  It  would  l)e  much  greater,  however,  were  it  not  for 
the  usual  presence  of  a  loesslike  alluvium  along  the  seepage  horizon 
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in  the  main  valleys,  which  checks  the  rapid  flow  of  water  to  the 
surface. 

Considerable  water  near  the  surface  also  is  lost  by  evaporation,  a 
factor  which  increases  in  importance  from  east  to  west.  From  an 
open  water  surface  the  evaporation  averages  about  twice  the  pre- 
cipitation in  the  western  counties  of  Nebraska.  Water  stored  deep 
in  the  soil  is  not  subject  to  much  loss  by  evaporation.  Water  drawn 
from  wells,  though  comparatively  inconsiderable  in  relative  amount, 
is  a  direct  drain  on  the  underground  supply. 

SHALLOW  WELLS. 

Water  of  good  quality  and  in  large  amounts  can  be  obtained  by 
wells  at  moderate  depths  in  most  of  the  region  treated  in  this  report. 
The  principal  sources  of  supply  are  the  Dakota  sandstone.  Quater- 
nary sand,  gravel,  and  alluvium,  and  the  Tertiary  deposits.  Wells 
are  bored,  drilled,  driven,  or  dug,  and  the  casings  most  used  are  wood, 
galvanized  iron,  stone,  tile,  and  gas  pipe.  In  some  instances  no 
casing  is  required. 

The  shallowest  wells  are  along  valleys,  and  the  deepest  wells,  which 
vary  from  100  to  300  feet  in  depth,  are  on  the  uplands.  The  local 
conditions  in  each  county  are  presented  more  specifically  on  later 
pages  in  this  report. 

WEAK  AKD  DRY  WELLS. 

The  volume  of  water  which  may  be  pumped  from  a  well  within  a 
given  time  depends  on  several  factors,  the  principal  one  of  which  is 
the  rate  at  which  water  is  delivered  to  the  well  from  a  water-bearing 
formation.  This  is  controlled  more  by  the  size  of  the  spaces  between 
the  grains  of  sediment  than  by  the  depth  to  which  a  well  is  sunk 
below  the  water  table,  a  fact  illustrated  by  a  well  at  N.  J.  Allen's 
ranch,  12  miles  northeast  of  Haigler.  At  first  this  well  ended  above 
the  "  magnesia  "  rock  and  the  water  was  supplied  from  fine  sand  and 
all  the  water  could  be  pumped  out  in  thirty  minutes.  When  the 
pump  was  stopped  the  water  slowly  rose  again  to  the  level  of  the 
water  table.  Later  the  well  was  deepened  to  reach  a  bed  of  coarse 
gravel,  which  yielded  water  in  such  volume  that  apparently  it  was 
not  weakened  by  three  hours  pumping  with  a  gasoline  engine  having 
an  output  of  over  15,000  gallons.  This  type  of  well  is  duplicated 
at  many  other  places  on  the  uplands,  for  the  conditions  are  similar 
over  a  wide  area.  The  well  on  the  ranch  of  Mr.  J.  McAlee,  on  the 
bottom  below  Benkelman,  is  one  of  the  best  examples  of  a  strong 
valley  well  deriving  its  water  from  alluvium.  This  well  is  1  foot 
in  diameter  and  27  feet  deep,  and  when  pumped  at  the  rate  of  150 
gallons  a  minute  the  water  level  is  lowered  only  a  short  distance.  It 
then  remains  stationary  during  vigorous  pumping  and  as  soon  as  the 
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engine  is  stopped  the  water  rises  to  its  normal  level  in  a  few  seconds. 
The  source  of  supply  here  is  in  coarse  gravel  lying  on  Pierre  shale. 

In  some  wells  the  water  is  supplied  from  fine  sands,  and,  although 
the  volume  of  water  may  be  large,  yet  its  movement  to  the  well  is  so 
slow  that  the  yield  is  small.  One  of  the  best  ways  to  obviate  this 
disadvantage  is  to  increase  the  size  of  the  well,  which  gives  a  larger 
reservoir  in  which  the  water  may  accumulate. 

Weak  wells  also  result  when  the  water  table  is  greatly  lowered  hv 
dry  seasons. 

In  the  case  of  some  weak  wells  the  supply  can  be  increased  by 
sinking  to  greater  depth,  providing  of  course  the  Cretaceous  shales 
or  chalk  rock  are  not  entered. 

In  some  districts  wells  fail  to  obtain  any  water,  but  these  are  almost 
invariably  in  localities  where  the  surface  of  either  the  Niobrara  or 
the  Pierre  formation  rises  above  the  water  table.  A  narrow  zone 
presenting  these  conditions  borders  each  side  of  the  Republican  Val- 
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Fig.    2. — Section   across    a    valley    In    southwestern    Nebraska,    illustrating    the   ground- 
water conditions. 

ley  throughout  its  course  in  Nebraska  and  extends  for  some  distance 
up  its  tributaries.  It  is  due  to  the  fact  that  the  Republican  and  its 
tributaries  have  eroded  their  valleys  from  30  to  over  100  feet  in 
depth  in  the  Cretaceous  clays,  permitting  the  ground  water  in  the 
overlying  formations  to  drain  out  on  the  slopes.  The  width  of  these 
zones  varies  considerably  and  is  greatest  where  the  tributary  valleys 
are  long  and  frequent  and  there  are  numerous  deep  ravines.  As  soon 
as  the  well  driller  strikes  Pierre  clay  or  the  Niobrara  formation  he 
should  discontinue  the  well  and  move  to  a  point  farther  from  the 
breaks  at  the  edge  of  the  valley,  if  an  upland  well  is  desired,  or  to 
some  point  on  the  valley  bottom  below.  The  ideal  cross  section  of  a 
valley  shown  in  fig.  2  will  serve  further  to  illustrate  the  conditions 
described  above.  The  escape  of  water  is  checked  by  loess  and  terrace 
materials  on  the  right  side  of  the  section  shown  in  this  figure. 

In  T.  7,  R.  25,  northwest  of  Cambridge,  much  trouble  has  been  ex- 
perienced in  obtaining  water.  A  well  there,  130  feet  deep,  reached 
the  Niobrara  and  found  no  water,  while  another  well  2  miles  farther 
north  tapped  the  water  table  and  an  abundance  of  ground  water  at 
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110  feet.  In  that  region  as  elsewhere  the  depth  to  ground  water 
increases  while  passing  from  the  edge  of  the  dry-well  zone  to  the 
higher  level  upland.  There  are  five  dry  wells  on  sec.  36,  12  miles 
south  of  Trenton.  Near  Deer  Creek,  7  miles  northeast  of  Cam- 
bridge, there  are  seven  such  wells  on  1  acre  of  the  Sulli^jan  farm, 
each  reaching  the  Niobrara  formations  at  a  depth  of  over  100  feet. 
Aften  sinking  the  holes  on  the  Sullivan  farm  the  driller  moved  20 
rcxls  northward  and  obtained  plenty  of  water  in  a  well  somewhat 
shallower. 

BLOWING  WEIX8. 

blowing  wells  occur  in  most  counties  in  southern  Nebraska,  the 
largest  number  being  in  Jefferson,  Thayer,  Dundy,  and  Hitchcock. 
They  are  present  in  the  loess  area  where  the  water  level  is  some  dis- 


FiG.  3. — Section  showing  blowing-well  conditions. 

tance  below  the  top  of  the  underlying  gravels,  the  upper  beds  of  the 
latter  being  dry. 

The  cause  of  the  motion  of  air  in  these  wells  appears  to  be  changes 
in  pressure  of  the  atmosphere  with  which  the  periods  of  inhalation 
and  exhalation  closely  correlate.  Fig.  3  shows  the  conditions  under 
which  "  blowing  wells  "  occur. 

During  the  time  of  high  barometer  or  heavier  air  pressure  air 
moves  down  the  well  into  the  dry  gravel,  and  when  the  atmospheric 
pressure  diminishes  the  air  comes  out  of  the  well.  At  times  of  sta- 
tionary pressure  there  is  no  movement.  The  well,  then,  is  an  artificial 
opening  between  the  loess-covered  gravel,  with  its  spaces  filled  with 
air,  and  the  surface,  where  pressure  is  frequently  changing.  The 
loess  is  so  much  less  pervious  to  the  air  than  the  gravel  is  that  the 
movement  of  air  through  it  is  very  slow,  while  the  well  affords  a 
ready  channel  for  upward  or  downward  movement.  The  velocity  of 
the  movement  of  course  varies  with  the  difference  in  pressure  between 
air  in  the  gravel  and  that  at  the  surface,  with  the  porosity  of  the 
gravel  and  of  the  overlying  loess  bed,  and  with  the  depth  and  diam- 
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eter  of  the  well.  The  strongest  blowing  is  usually  in  wells  of  small 
diameter.  Changes  in  the  w^ater  level  also  increase  or  diminish  the 
thickness  of  the  dry  gravel;  a  rise  of  the  water  table  to  top  of  the 
gravel  would  displace  the  air. 

A  well  at  the  ranch  of  C.  E.  Weeks,  4  miles  northeast  of  Fairbury, 
is  a  good  example.     It  is  118  feet  deep  and  a  strong  blower. 

A  well  at  Harbine,  owned  by  Greorge  Wells,  will  blow  the  hat  off  of 
one's  head.  Numerous  other  similar  examples  occur  on  the  uplands 
north  of  Alexandria,  Stoddard,  Hubbell,  Indianola,  and  Benkelman. 
The  blow^ing  appears  to  bear  little  or  no  relation  to  the  available 
water  supply.  During  the  coldest  times  of  winter  much  trouble  is 
experienced  by  the  freezing  of  pipes,  due  to  the  inhalation  of  cold 
air,  and  in  the  well  of  C.  E.  Weeks,  referred  to  above,  the  water  pipe 
sometimes  has  frozen  as  far  down  as  100  feet.- 

Numerous  pumps  in  the  upland  wells  near  Arapahoe  have  to  be 
pulled  during  the  coldest  periods  of  winter  on  account  of  bursted 
pipes.  A  safety  cock  is  now  placed  in  most  pipes  about  30  feet  below 
ground,  and  in  very  cold  weather  it  is  opened  to  serve  as  a  drain.  By 
this  method  and  by  the  use  of  hot  water  freezing  is  often  prevented. 
Blowing  wells  also  are  natural  barometers  and  thus  indicate 
approaching  changes  in  the  weather. 

POLLUTION  OF  SHALLOW  WELLS. 

As  well  water  is  supplied  from  the  surface  of  the  ground  by  perco- 
lation it  is  subject  to  dangerous  contamination  from  drainage  from 
outhouses,  barnyards,  and  pigpens.  No  part  of  the  farm  home 
should  be  guarded  with  more  care  than  the  well,  for  polluted  waters 
are  frequently  the  source  of  disease.  Wells  should  be  cleaned  fre- 
quently, and  curbing  that  has  begim  to  give  odor  and  taste  to  the 
water  should  be  replaced.  Often  decaying  casing  will  render  good 
water  unfit  for  use.  The  well  sliould  be  so  situated  that  surface 
drainage  will  be  away  from  the  w'ell  and  never  toward  it. 

In  case  there  are  two  or  more  water-bearing  formations  from  which 
a  supply  of  water  for  domestic  use  may  be  obtained,  the  well  should 
be  located  so  as  to  secure  the  more  suitable  water.  The  problem  is 
not  so  much  the  amount  as  the  quality,  w^hen  the  supply  is  to  be  used 
for  drinking  purposes.  It  should  be  better  understood  that  shallow 
poorly  kept  w^ells  are  a  certain  source  of  disease,  and  that  their  proper 
location  and  care  is  essential  for  the  health  of  all  those  using  the 
water. 

Along  the  chalk  bluffs  in  the  Republican  Valley  there  is  a  tend- 
ency to  place  the  well  Wow  the  house  and  lots,  usually  well  on  the 
valley  bottoms,  where  there  is  plenty  of  water  but  increased  possi- 
bilities of  pollution.  At  many  such  places  wells  can  not  be  sunk 
above  the  house  because  of  the  Niobrara  or  Pierre  formations  in 
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the  valley  slopes,  which  do  not  yield  good  water,  but  even  under  this 
circumstance  they  can  be  located  out  of  the  line  of  drainage  from  the 
barn  and  other  unclean  spots.  If  placed  up-valley  from  the  house, 
lots,  and  outhouses  the  chances  of  pollution  are  greatly  lessened. 

WUmUILL  PtrMPIHG. 

Water  is  raised  by  windmills  at  many  places  in  the  valleys  and  on 
the  uplands  from  wells  of  various  depths.  The  primitive  method  of 
lifting  water  by  bucket  and  windlass  is  now  rarely  seen,  having  been 
supplanted  by  windmills,  there  being  usually  enough  wind  to  propel 
these  for  at  least  part  of  the  day. 

IBBIGATIOK  FSOX  WELLS. 

It  has  been  hoped  that  the  wells  of  the  uplands  and  valley  bottoms 
of  the  southwestern  counties  of  Nebraska  would  yield  enough  water 
for  the  irrigation  of  large  areas,  but  the  supply  has  been  found  in- 
adequate at  most  localities.  There  is,  however,  sufficient  water  for 
use  in  gardens  for  raising  fruit,  vegetables,  and  flowers,  and,  to  a 
limited  extent,  for  certain  crops.  The  best  known  irrigation  plant 
using  well  water  is  on  the  valley  bottom  a  short  distance  southeast 
of  Benkelman  (see  PI.  XI,  A ) ,  at  the  ranch  of  Mr.  J.  McAlee,  where 
a  20-acre  garden  has  been  irrigated  for  two  years  from  a  single 
well  27  feet  deep.  The  water  is  raised  by  a  gasoline  engine  pumping 
150  gallons  a  minute  into  a  reservoir  covering  three- fourths  of  an 
acre  to  a  maximum  depth  of  6  feet.  During  the  year  1903,  the  in- 
come from  the  garden  was  $960,  after  losing  much  by  frost. 

ABTEBIAN  WELLS. 

One  purpbse  of  this  investigation  was  to  ascertain  the  prospects 
of  securing  flowing  wells,  but  the  results  were  not  altogether  con- 
clusive. The  Dakota  formation,  containing  a  thick  mass  of  water- 
bearing sandstones,  underlies  most  of  the  region  described  and  should 
be  expected  to  yield  artesian  flows  along  at  least  a  part  of  the  Repub- 
lican Valley.  It  is  overlain  by  impervious  clays  and  shales  in  the 
counties  from  Thayer  westward,  and  while  these  beds  are  not  of 
great  thickness  apparently,  no  boring  thus  far  drilled  in  the  Repub- 
lican Valley  has  reached  the  Dakota  sandstone.  Unsuccessful  at- 
tempts have  been  made  at  or  near  Arapahoe,  Indianola,  McCook, 
and  5  miles  east  of  Haigler.  The  boring  at  Arapahoe  was  discon- 
tinued at  about  912  feet  when  the  drill  must  have  been  very  near 
the  Dakota  sandstone.  A  weak  flow,  which  continued  for  a  short 
time,  was  found  at  a  depth  of  about  550  feet.  A  well  at  McCook, 
about  405  feet  deep,  flowed  a  few  gallons  a  day.  The  water  in  both 
wells  appears  to  come  from  the  Niobrara  formation. 
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There  are  several  unfavorable  conditions  for  satisfactory  flows  in 
southern  Nebraska.  In  the  first  place  the  outcrop  of  the  Dakota 
formation  extends  across  Jefferson  County  and  southwestward  across 
Kansas,  and  the  leakage  by  springs  and  seeps  is  so  complete  that  the 
artesian  pressure  is  finally  all  lost.  To  the  west  there  is  a  gradual 
rise  of  pressure  toward  the  intake  zone  along  the  mountains,  but  the 
rate  is  low,  perhaps  not  as  much  as  the  general  rise  at  the  bottom  of 
the  Republican  Valley,  especially  from  Furnas  County  eastward. 
The  margin  is  small  either  way,  and  Jthe  true  condition  can  be  deter- 
mined only  by  a  boring  in  the  valley  sufficiently  deep  to  penetrate 
the  Dakota  formation.  A  second  factor  is  found  in  the  structure 
of  the  Dakota  formation :  The  sandstone  or'  water-bearing  beds, 
where  exposed  in  Jefferson  County,  appear  to  be  interrupted  by 
clay  beds  which  are  usually  near  the  middle  of  the  formation,  but 
which  may  possibly  cut  off  or  displace  the  sandstones  locally.  If  such 
a  condition  exists  under  the  western  counties  the  continuous  under- 
ground motion  of  the  water  might  be  greatly  hampered.  In  general 
the  beds  outcropping  appear  to  show  a  less  favorable  structure  for 
an  artesian  supply  under  heavy  pressure  than  is  found  along  Mis- 
souri River  in  South  Dakota  and  northeastern  Nebraska.  Wells 
reaching  the  Dakota  sandstones  in  Jefferson  and  Thayer  counties  often 
obtain  saline  water,  which  is  usually  under  some  pressure,  but  with 
one  exception,  not  under  enough  to  lift  it  to  the  surface. 

The  Permian  beds  have  been  reached  by  at  least  two  wells  in  Jeffer- 
son County.  In  one  of  them  3  miles  south  of  Fairbury  and  336  feet 
deep,  saline  water  rose  200  feet.  Near  Steele  a  weak  saline  flow  was 
obtained  at  195  feet.  These  examples  indicate  that  there  is  sufficient 
pressure  in  the  Permian  beds  to  force  water  to  the  level  of  the  bottom 
lands  along  the  river  in  the  southern  part  of  Jefferson  County.  The 
quality,  however,  is  unfavorable  for  domestic  and  stock  purposes. 

A  few  wells  in  Tertiary  deposits  find  water  under  slight  pressure. 
A  well  of  this  kind,  located  on  the  place  of  Mr.  J.  W.  Kinsley,  10 
miles  north  and  2  miles  east  of  Benkelman,  has  the  water  level  so  near 
the  surface  that  it  could  be  piped  out. 

There  is  a  small  area  of  flowing  w^ells  about  Alexandria  on  the 
valley  bottom  adjoining  Big  Sandy  Creek.  It  extends  some  4  or  5 
miles  east  and  west  and  about  the  width  of  the  flood  plain  north  and 
south.  The  flow  was  discovered  and  developed  by  Mr.  E.  N.  Averill, 
who  has  four  or  five  wells.  The  first  well,  which  was  put  down  in  1890. 
did  not  flow  at  first,  but  now  there  are  about  twenty  flowing  wells. 
They  vary  from  40  to  GO  feet  in  depth ;  passing  through  soil,  2  to  4 
feet;  sands,  with  first  water,  30  to  35  feet;  blue  clay,  about  5  feet; 
and  peaty  clay  or  old  soil  to  water  in  coarse  alluvial  sand  or  fine 
gravel.  Most  of  the  wells  are  bored  11  inches  in  diameter  and  cased 
with  wood,  though  in  some  the  casing  is  galvanized  iron.    One  of  the 
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Averill  wells,  only  2  inches  in  diameter,  flows  50  gallons  per  minute, 
has  a  head  of  4  feet,  and  temperature  of  49°  F.  The  water  is  forced 
by  a  ram  to  a  500-gallon  tank  600  feet  distant  and  24  feet  above  the 
well,  from  which  it  is  piped  through  Mr.  Averill's  residence. 

The  other  wells  flow  into  a  pond  used  as  a  source  of  ice,  for  boat- 
ing, and  for  fish  culture.  This  pond  is  250  by  350  feet  across  and  5 
to  6  feet  deep.  The  first  well  completed  at  the  pond  (gee  PL  XII,  ^), 
flowed  110  gallons  per  minute. 

The  source  of  water  appears  to  be  in  the  Dakota  sandstone  which 
immediately  underlies  the  alhivial  valley  filling.  The  basin,  as  has 
been  shown,  is  small  and  local,  and  the  pressure  is  sustained  by  a 
clay  bed  which  overlies  the  water-bearing  sand. 

WATER  SUPPLY,  BY  CX)UNTIES. 
DTnn>T  OOTOTT. 

All  Dundy  County  is  underlain  by  the  Pierre  shale,  the  surface  of 
which  rises  25  or  30  feet  above  the  river  at  Max  and  Benkelman  and 
about  100  feet  in  the  vicinity  of  Buffalo  Creek  and  Haigler.  Next 
above  is  the  Tertiary,  which  in  the  northwestern  part  of  the  county 
has  been  worked  over  into  dune  sands  and  in  other  sections  is  over- 
lain by  loess.  The  alluvium  along  the  Republican  averages  between 
one-half  and  three-fourths  mile  wide,  exclusive  of  the  higher  terraces. 

South  of  the  river  the  water  supply  varies  considerably  as  to 
amount  and  quality  and  wells  often  fail  to  obtain  a  sufficient  supply, 
while  in  the  southeast  wells  ending  in  the  Pierre  shale  afford  bad 
water.  Along  the  bottom  lands  water  is  obtained  at  depths  ranging 
from  15  to  60  feet,  the  deeper  wells  being  located  on  benches.  Some 
of  the  water  varies  in  quality  from  hard  to  alkaline.  At  Benkelman 
a  good  supply  of  water  is  reached  at  depths  varying  from  20  to  112 
feet,  the  deeper  wells  being  high  on  the  valley  slope.  The  well  at 
Mr.  J.  M.  McAlee's  irrigation  plant  at  Benkelman  has  been  described 
on  page  43.  An  equally,  strong  well,  also  sunk  in  the  alluvial  gravels, 
affords  water  for  the  Burlington  and  Missouri  River  Railroad.  It  is 
reported  to  have  supplied  50,000  gallons  of  water  in  four  hours. 

Farther  up  the  Republican  Valley  the  best  supplies  of  well  water 
are  secured  from  the  alluvium  on  the  north  side.  At  Haigler,  located 
on  a  bench  on  the  south  side,  the  wells  are  deeper  than  usual,  being 
from  45  to  60  feet  deep.  They  afford  water  of  poor  quality,  owing  to 
the  underlying  Pierre  shale.  A  town  well  is  used  as  a  public  watering 
place,  but  the  water  now  used  for  domestic  purposes  and  drinking  is 
hauled  from  a  shallow  well  near  the  river. 

In  the  uplands  north  of  the  river  the  ground- water  table  varies 
considerably  in  depth.  In  the  sand-hill  region  it  is  reached  by  shal- 
low wells  varying  from  10  to  80  feet  in  depth,  while  on  the  highest 
part  of  the  divide,  between  the  Frenchman  and  the  Republican,  the 
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depth  is  from  200  to  308  feet,  the  amount  decreasing  to  the  south 
and  the  west.  In  all  this  part  of  the  county  the  water  table  is  not 
easily  lowered  by  the  hardest  pumping.  The  water  is  usually  soft 
or  medium  hard.  At  most  places  it  occurs  in  tw^o  horizons  in  the 
Tertiary,  one  above  and  the  other  below  a  fairly  definite  zone  of 
"  magnesia  "  rock,  parts  of  which  are  extremely  hard  and  difficult  to 
dig  or  drill  through.  Some  wells  derive  their  water  from  the  rock. 
Most  of  the  recent  deeper  uplanii  wells  are  tubular,  but  during  the 
early  occupation  of  the  country  dug  wells  were  most  common.  In  one 
dug  well  three  and  one-half  days  were  required  for  penetrating  a 
hard  bed  3  feet  thick. 

Tributaries  of  the  Republican  from  the  north  are  fed  by  some  of 
the  strongest  springs  in  Nebraska,  but  while  most  of  the  strong, 
heavy  springs  are  located  in  the  north-side  valleys  there  are  also  a 
few  on  the  south.  A  notably  strong  spring  occurs  on  the  Drummond 
place,  6  miles  northwest  of  Haigler,  from  which  the  water  is  piped 
one-fourth  mile  to  the  stock  yards  and  house. 

Representative  wells  of  Dundy  County,  Nehr, 


Owner. 


Location. 


Depth 

of 
well. 

Depth 

of 
water. 

Feet. 
27 

Feet. 
24 

28 
30 

12 
10 

40 
42 
30 
80 

20 
8 
10 

63 

30 

209 

3i 

48 
226 
245 

13 

■■"'is' 

238 

200 

14 

262 

1 

15 

Materials  penetrated. 


lfcAlee,J.M.... 

Aria  Cattle  Co... 
Allen,  N.J 

Lamed,  WilUam. 
Brady,  James... 

Tockler,  A.  A.... 

Allen,  N.J 

Richards,  I.  B... 

Lewis,  F.  B 

Larison,  F.  M... 
Johnson,  M.  M .. 

Nesmith,  M.  W.. 

Ough,  William . . 

Krausmick,  E . . . 


Bcnkelman,  on  bottom 

Parks, on  Rock  Creek  bottom.. 
Sec.  20,  T.  1,  R.  40,  near  bottom. 

Sec.  33,  T.  1,  R.  41,  near  bottom. 
Sec.  26,  T.  1,  R.  42,  on  Iwttom. . . 
Sec.  31,  T.  2,  R.  36,  on  bottom  . . 
Sec.  14,  T.  2,  R.  38,  on  upland.. . 

Sec.  19,  T.  2,  R.  40,  sand  hiUs. .. 


Sec.  14,  T.  3,  R.  36,  highland. . . 


Sec.  1,  T.  3,  R.  37.  low  slope  . . 
Sec.  8,  T.  4,  R.  37.  highland. . . 
Sec.  20,  T.  4,  R.  36,  highland  . 


Sec.  17,  T.  4,  R.  36,  highland. . . 
Sec.  17,  T.  4,  R.  37,  highland. . . 

See.  24,  T.  4,  R.  37,  highland. .. 


Sand  and  gravel  to  Pierre  day; 
water  in  gntvel. 

Soil,  sand,  and  gtavel. 

Dry  sand  12  ftot;  coarse  wet 
sand  to  water  in  eraTel. 

Soil,  loam,  and  sand. 

Soil,  gravel,  and  Pierre  shale. 

Soil  and  sand. 

Soil  and  sand  27  feet;  **mMg- 
nesia"  rock  to  water. 

Soil,  sand,  and  black  loam  27 
feet;  gravelly  sand  2  lieet; 
quicksand  18  feet;  "magne- 
sia" rock  7  feet  to  gn,m. 

Loess  100  feet;  soft  sand  rock 
8  feet;  sand  5  feet;  clay  30 
feet' rock 68  feet:  clay,  rock, 
sand,  and  gravel  to  water. 


Soil,  loess,  and  "magnesia  " 
rock. 

Soil,  loess,  sand,  and  "magne- 
sia" rock  to  water. 

Black  soli  6  feet;  clay  140  feet; 
sand  12  feet:  "magnesia"  30 
feet;  rock  5  feet;  gravel  8 
feet. 

Soil,  loess,  and  "magnesia" 
rock. 


HITOEOOOK  OOUHTX. 


The  principal  streams  in  Hitchcock  County  are  Republican  and 
Frenchman  rivers  and  Driftwood  Creek,  the  valley  slopes  of  which 
are  formed  by  Pierre  clay,  Tertiary  deposits,  and  loess.  Frenchman 
River  is  a  valuable  source  of  irrigation  water,  while  the  Republican 
varies  greatly  in  volume. 
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A.     ARTESIAN  WELL  AND  RESERVOIR  AT  ALEXANDRIA.  NEBR. 
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Springs  are  numerous,  and  they  supply  much  water  for  domestic 
purposes  and  stock.  Most  of  them  are  located  north  of  the  Repub- 
lican and  issue  at  scattered  localities  from  the  Pierre-Tertiary  con- 
tact. The  explanation  of  their  irregular  distribution  is  the  varying 
height  to  which  the  impervious  shales  and  clays  rise  above  the  river, 
and  the  presence  in  places  of  a  covering  of  either  loess  or  alluvium, 
which  often  prevents  the  surface  escape  of  water.  In  the  vicinity  of 
Trenton  the  Pierre-Tertiary  contact  extends  along  the  valley  slopes 
at  or  near  the  surface  at  a  level  about  20  feet  above  the  bottom  land, 
and  springs  often  appear  along  it.  A  few  miles  east  and  west  the 
water  horizon  is  more  deeply  covered  on  the  slopes,  and  springs 
cease.  About  midway  between  Trenton  and  Culbertson  the  Ter- 
tiary contact  extends  down  nearly  to  the  level  of  the  river,  and  the 
spring  horizon  is  lowered  correspondingly.  Springs  south  of  the 
river  lie  principally  on  the  north  branch  of  the  Driftwood,  only  one 
of  good  size  being  found  on  the  south  branch. 

Most  of  the  uplands  are  covered  by  loess  underlain  by  Tertiary 
water-bearing  sands  and  gravels  with  occasional  beds  of  the  so- 
called  "  magnesia  "  rock.  Impervious  Pierre  shale  underlies  all  of 
the  county  below  the  Tertiary  and  prevents  water  from  sinking 
below  the  base  of  the  Tertiary  deposits. 

Bottom  lands  along  the  Republican  in  Hitchcock  are  broader  than 
in  Dundy  County.  Those  of  the  Frenchman  vary  from  ^  to  1  mile 
in  width.  It  is  stated  that  the  average  depth  of  wells  in  the  bottom 
lands  in  the  county  is  from  25  to  35  feet.  An  abundance  of  good 
cool  water  is  usually  obtained  in  coarse  alluvial  sand  or  gravel  just 
above  the  Pierre  shale,  and  while  wells  often  reach  this  shale,  they 
do  not  penetrate  it.  The  water  table  in  the  alluvial  beds  rises  and 
falls  with  the  river  near  the  channel,  but  the  influence  is  local.  The 
quality  of  the  water  at  places  along  the  outer  edge  of  the  flood  plain 
near  the  Pierre  shale  slopes  is  often  unsatisfactory.  This  condition 
is  found  at  Stratton,  where  the  supply  varies  from  good  to  .bad  from 
wells  averaging  30  feet  deep.  Most  wells  in  Trenton  are  driven. 
Several  years  ago  a  well  was  sunk  near  the  depot  of  the  Burlington 
and  Missouri  River  Railroad  in  that  town  to  a  depth  of  300  feet.  No 
accurate  record  was  kept,  but  doubtless  the  drill  penetrated  the  Pierre 
shale  and  may  have  extended  a  short  distance  into  the  Niobrara 
formation. 

Wellg  on  the  upland  in  this  county  resemble  those  in  the  eastern 
part  of  Duudy  County.  On  the  higher  lands  near  the  Frenchman 
they  are  often  deeper,  one  being  347  feet.  It  passed  through  soil, 
loess,  and  Tertiary  rock,  sand,  and  clay,  to  water-bearing  gravel. 
The  depths  on  the  uplands  between  the  Republican  and  the  French- 
man vary  from  100  to  over  300  feet,  and  the  first  water  is  always 
'ound  below  thick  beds  of  "  magnesia  "  rock,  and  usually  above  a  bed 
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of  clay.  The  second  water  lies  in  coarse  sands  and  gravel.  Blowing 
wells  are  not  uncommon  where  there  is  a  bed  of  dry  gravel  above  the 
water-bearing  horizon.  Water  in  the  deep  wells  on  the  upland  is 
said  to  be  warmer  and  softer  than  that  obtained  along  the  Republican 
bottom.  It  is  claimed  that  there  is  a  notable  difference  between  the 
waters  of  the  upland  wells  and  those  in  Trenton. 

The  deepest  wells  on  the  uplands  in  the  southern  part  of  the  county 
are  220  to  240  feet,  and  in  some  of  them  85  feet  of  "  niagnesia  "  rock 
have  been  encountered  above  water.  On  the  school  section,  12  miles 
south  of  Trenton,  5  dry  wells  were  put  down,  all  ending  in  Pierre 
shale. 

Representattie  wells  of  Hitchcock  County ^  Nehr, 


Owner. 


Location. 


'  Depth  I  Depth 

of     I     of 
'   well.   I  water. ' 


Materials  peoetiated. 


,    Feet.       Feet.  , 

Powers,  J.  H '  Sec.  16,  T.  1,  R.  32,  upland I         96  12  i  Soil,  2  feet;  loess.  1  foot;  salt  to 

within  1  foot  of  water-bmr- 
1  ing  sand,  and  gnrel  at  bot- 

:  torn. 

Brumley.  M.  M Sec.  — ,  T.  2,  R.  35,  upland 90  8  I  No  record. 

Frey,  J.W I  Sec.  14.  T.  2,  R.  33,  upland 127  10  1         Do. 

Small.John <  Sec.  3.  T.  2,  R.  33,  bottom 13  6  Do. 

MUler,  C.  J Sec.  5,  T.  3,  R.  33,  upland 196  12  ,  Black  loam,  50  feet:  soft  rorlc. 

!  80  feet :  dry  8and«2  feet;  ssod 

64  feet;  water  in  sand  above 
rock. 

Morgan.  T.  D Sec.  34,  T.  3,  R.  33,  upland 100  7     Black   soil.   4   feet;  loess,  m 

I  feet:  sand  and  gravri,  16 fret 

Powers.r.R Sec.  35,  T.  3,  R.  33,  upland 108   Black   soil.   3   feet;  loess,  70 

'  I      feet;  sand,   30  feet;  gravH. 

6  feet. 

WUliams,  J .  M I  Sec.  12,  T.  4,  R.  32.  lowland 42   Soil,  clav,  and  sand  to  water. 

I ____^_^  I 


KEDWILLOW  COtTHTT. 

The  streams  of  most  importance  in  Redwillow  County  are  Repub- 
lican River  and  Redwillow,  Driftwood,  and  Beaver  creeks-  They 
flow  in  rather  wide  bottom  lands  from  200  to  400  feet  below  the  high- 
est uplands.  The  underlying  formations  are  the  same  as  those  found 
in  the  next  county  west,  except  that  near  the  eastern  border  the  Pierre 
thins  out  and  the  Niobrara  gradually  rises  so  that  it  attains  an  eleva- 
tion of  100  feet  above  the  river  near  Cambridge. 

Wells  on  the  bottom  land  range  from  20  to  50  feet  in  depth.  At 
McCook  large  amounts  of  water  are  drawn  from  this  source  for  rail- 
road and  city  use,  six  large  wells  having  been  dug  on  the  first  bottom 
to  a  depth  of  26  feet  to  the  top  of  the  Pierre  shale.  At  Indianola  the 
water  lies  from  12  to  20  feet  below  the  surface,  but  most  wells  are 
driven  to  gravel  at  a  depth  of  45  or  50  feet.  A  few  wells  near  the 
valley  slopes  in  the  northern  part  of  the  town  reach  ocherous  Niobrani 
beds  and  yield  a  poorer  quality  of  water.  On  the  broad  bottom  lands 
near  the  mouth  of  Redwillow  Creek  water  lies  within  a  few  feet  of 
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the  surface,  and  at  the  Redwillow  store  a  well  is  driven  20  feet  in 
the  soil  and  sand.  In  the  uplands  south  of  Indianola  the  water  is 
in  Tertiary  rock  and  gravel,  and  is  reached  by  wells  from  100  to  260 
feet  in  depth,  most  of  them  being  140  to  160  feet  deep. 

It  is  reported  that  there  are  good  water  supplies  in  the  uplands 
south  of  Indianola  in  the  region  where  the  formations  dip  westward. 
Farther  southeast,  in  the  area  of  ocher  and  flint,  dry  wells  are 
common.  In  the  highlands  north  of  Indianola  wells  range  from  150 
to  300  feet  in  depth,  and  northwest  of  Cambridge  from  100  to  125 
feet. 

The  water  table  in  the  uplands  in  this  county  lias  approximately 
level,  a  feature  due  to  the  configuration  of  the  surface  of  the  under- 
lying impervious  beds,  which  rise  100  feet  above  the  river  near  Cam- 
bridge and  only  a  few  feet  above  at  McCook. 

Springs,  though  found  at  a  number  of  places  in  the  county,  are  not 
as  large  nor  as  numerous  as  in  adjoining  counties. 

A  deep  boring  at  McCook  has  been  reported  as  having  penetrated 
405  feet  *  of  the  Pierre  shale,  but  for  most  of  the  distance  it  was  in 
Niobrara  formation,  of  which  it  did  not  reach  the  bottom.  The  flow 
is  weak  and  unfit  for  use. 

Representative  urelltt  of^ Redwillow  Oounty,  Nebr. 


Owner. 


Location. 


Depth 


Depth  ' 


nfwPii  I      ^'     I         Materials  penetrated, 
ui  well,   ^^jgr^  , 


Schippe,  O.  P !  Lebanon,  7  mites  E.  of,  lowland 

Bennett,  Donald ,  Lebanon.  5  mites  £.  of,  lowland 

Brandt,  Fred ,  Wilsonville,  6  miles  W.  of,  up- 

I     land.  t 

Wilsonville,  5  miles  W.  of,  np-  { 
land. 

Sec.  20,  T.  1,  R.  30,  upland 

Sec.  11,  T.  I,  R.  30,  upland 

Sec.  10,  T.  1,  R.  30,  upland 

I  Sec.  23,  T.  1,  R.  30,  upland 


Feet.   ,    Feel. 

48  I  6     Bench  and  clay. 

40  Bench  and  clay;  loess. 


Brockman,  Frank. 


McMurrln,  D.  H 

Anderson,  Andrew.. 

CaldwfiU,  L.  C 

Benjamine,  W.  A.... 


160 
120 


Loess,  rock,  clay,  sand;  small 

supply. 
Loess,  clay. 


Moore,  Frank 1  Sec.  24,  T.  2,  R.  C€,  upland  . 


170  '  7     Loess  and  magnesia  rock. 

27  5  I  Loess  and  rock. 

155  4  ;  Sand,  loess,  ma^esia  rock. 

229  I  8    Soil,  loess,  rock,  sand,  clay, 

I      CTavol. 
1^   Soil,  soft  sandstone,  24  feet: 


5<*Per,  Geo.  P ■  Sec.  3,  T.  2,  R.  :9,  on  slope 70 

Rodgcrs,  E.  E |  T.  2,  R.  29,  3  miles  SW.  of  Mc-  75  1 

'      Cook.  ' 

Lincoln  Land  Co '  Sec.  29,  T.  3,  R.  L9,  McCook -JOT) 


Boyoe,  N ,  Boxelder  post-o.Tlce,  2  miles  E. 

j      of,  upland. 


Sharp,  WiUiam. 


T.  4,  R.  30,  7  mites  NW.  of  Mc- 
Cook, upland. 


1K2 


240  ' 


coAT^B  gravel,  4  feet;  small 

supply. 
Soil,  gravel,  sand. 
1  oess,  sand. 

Sand,  and  Pierre  and  Nio- 
brara formations;  small 
flow. 

Soil,  2  feet:  loess,  60  feet;  Ter- 
tiary rock,  80  feet;  Tertiary 
rock  and  sand,  18  feet;  Pierre 
2  feet. 

Loess,  rock,  gravel. 


*»  Another  deep  boring  In  progress  in  1905,  with  a  depth  of  over  700  feet,  was  not  deep 
enough  to  reach  the  base  of  the  fJrfineros  formation.  Some  sandstone,  penetrated  at  a 
depth  of  about  700  feet,  appears  to  belong  to  a  bed  which  usually  occurs  near  the  top  of 
the  Carlile  formation.— N.  H.  D. 
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TUBXAB  OOirVTT. 

The  principal  streams  in  Furnas  County  are  Republican  River  and 
Medicine,  Beaver,  and  Sappa  creeks.  Only  a  small  portion  of  the 
course  of  Medicine  Creek  lies  in  the  county. 

Springs  are  found  in  several  localities,  but  are  not  an  important 
source  of  supply.  Those  used  most  are  south  of  the  river  between 
Arapahoe  and  Edison,  northeast  of  Beaver,  and  about  midway  l>e- 
tween  Cambridge  and  Holbrook.  Seepage  springs  are  common  along 
Sappa  Creek  near  the  Nebraska-Kansas  line  and  in  the  small  creeks 
near  Arapahoe. 

Well  water  obtained  on  bottom  lands  along  the  valleys  is  usually 
good,  but  at  places  it  contains  alkali,  especially  in  shallow  wells  on 
the  first  bottom.  Most  wells  at  Cambridge  are  on  the  bottom  lands 
and  on  an  average  are  driven  35  feet  to  second  water ;  the  first  water, 
Somewhat  alkaline,  is  reached  at  10  to  15  feet.  In  Holbrook,  Arapa- 
hoe, Edison,  and  Oxford  similar  conditions  prevail,  except  that  in 
Arapahoe  the  second  water  is  found  only  in  a  few  localities  and  dry 
wells  are  more  frequent.  These  dry  wells  are  due  to  the  Pierre  shale 
rising  so  high  as  to  cut  off  the  ground  water. 

At  certain  points,  as  at  the  park  well,  the  alluvium  deepens  lo- 
cally. The  park  well  is.  8  feet  in  diameter  and  44  feet  deep ;  below 
its  bottom  four  3-inch  sand  points  extend  to  a  total  depth  of  48  feet. 

In  Wilsonville,  Hendley,  and  Beaver  the  water  supply  is  derived 
from  alluvial  sands  and  gravel  lying  immediately  above  Cretaceous 
shale.  At  Wilsonville  first-water  wells  are  about  20  feet  deep.  The 
second  water  lies  in  sand  under  clay  about  18  feet  below  the  first 
water,  and  is  reached  by  wells  35  to  40  feet  in  depth.  At  Hendley 
second  water  is  obtained  in  wells  40  feet  deep.  Conditions  along  the 
Beaver  and  Sappa  bottoms  are  similar  to  those  at  Wilsonville  and 
Hendley,  but  there  are  dry  wells  at  places. 

Wells  on  the  uplands  between  the  Republican  and  Beaver  vary  in 
depth  from  100  to  260  feet,  with  an  average  of  about  150  feet.  They 
pass  through  much  Tertiary  rock.  On  the  ranch  of  William  Dick- 
erson,  between  Beaver  and  Arapahoe,  100  feet  of  rock  w^ere  encoun- 
tered. In  the  well  on  the  ranch  of  William  Rone,  6  miles  south  and 
2  miles  east  of  Arapahoe,  the  water  rises  considerably.  In  a  well  7 
miles  north  of  Beaver  the  water  rises  nearly  to  the  surface,  and 
might  be  drained  out,  giving  a  continuous  flow. 

On  the  slopes  near  the  valley  bottoms  much  trouble  has  been  ex- 
perienced with  dry  wells,  but  this  feature  is  less  frequent  north  of 
the  Republican  than  south.  The  best  known  dry-well  areas  are  lo- 
cated east  of  Hendley,  northeast  of  Beaver,  and  on  the  slope  south 
of  the  Republican,  the  last  named  extending  nearly  across  the  county. 
The  wells  in  most  cases  end  in  the  Pierre  shale,  at  an  elevation  of 
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from  20  to  40  feet  above  the  level  of  the  river.  In  the  southwestern 
part  of  the  county  they  end  in  the  Niobrara  at  still  higher  levels. 

On  the  upland  north  of  the  river  the  water  table  is  from  100  to 
140  feet  below  ground,  varying  with  the  distance  from  the  valley. 
The  second  water  lies  in  gravel  about  40  iett  below  the  first,  the  two 
being  separated  by  rock.  Some  wells,  extending  only  to  first  water, 
dry  up  during  times  of  drought. 

Tubular  wells  are  losing  favor  in  Furnas  County.  The  points 
clog  up  by  the  deposition  of  mineral  matter  within  a  few  years,  and 
as  a  result  they  have  to  be  pulled  and  cleaned  in  order  to  obtain  a 
necessary  supply  of  water. 

Prof.  A.  d'Allemand,  of  Arapahoe,  furnished  the  writer  with  a 
log  of  the  912-foot  boring  drilled  in  1894  at  that  town,  but  it  is 
diiRcult  to  make  out  a  very  accurate  section  from  the  log.  It  was 
discontinued  on  account  of  a  disconnected  drill  which  was  not  re- 
moved from  the  hole.  The  drilling  ended  in  the  Graneros  shale,  ap- 
parently near  the  Dakota. 

Representative  wells  of  Furnas  County,  Nebr. 


Owner. 


Yoang,  L.  W.... 

Anderson,  R.  A. 
Landgrun.Jofan. 

Bums,  G.  C 

Johnnton,  Sam.. 
McComb,  J.  P... 
Uanug,  L.  P..., 


Do 

Pierce.  C.  H 

Snodderly,  ITenry . . . 

Larson,  Victor 


Powell  Bros 

Daniels,  M 

Zche,  Peter 

D'Allemand,  A. 
Vanralin,  I.  J... 
Daniels,  8.  W... 
Trammel,  J.  W. 


Jjocatlon. 


Sec.3,  T.  1,  R.  25 

Sec.  21,  T.  1,  R.  25,  upUnd. . 
Sec.  0,  T.  1,  R.  24,  upland. . . 
Sec.  25,  T.  2.  R.  25,  bottom. 
Sec.  31,  T.2.  R.  25,  bottom. 
Sec.  31,  T.  2,  R.  25,  bottom. 
Sec.  22,  T.2,  R.  24,  upland.. 

Sec.  23,  T.  2,  R.  24,  upland . . 

Sec.  27,  T.2,  R.  24 

Sec.  30,  T.2,  R.  24 


Four  miles  NW.  of  Hendlcy . 


14  miles  E.  of  Hendley 

Sec.  25,  T.  3,  R.  21,  upland. . 

Sec.  24,  T.  4,  R.  23 

Arapahoe 

SeclS,  T.  4,  R.  23 

Sec.  19,  T.  4,  R.  20,  lowland . 
Oxford 


Depth 

Depth 

of 
water. 

ofweU. 

Feet. 

Feet. 

85 

190 

180 

38 

i2 

40 

8 

40 

10 

109 

10 

8.5 

10 

40 

lo 

30 

3 

l»!fi 

r. 

Materials  penetrated. 


Sand  and  sand  roclc  alternat- 
ing. 
No  record. 

Loess,  sand.  Tertiary  rock. 
Terrace-alluvium  and  srravei 

Do. 

Do. 
Loess,  clay,  sand;  small  sup- 


%o 


200 

None. 

186 

6 

35 

7 

36 

S 

35 

78 

60 

65 

18 

Loess,  clay,  Niobrara. 
Tertiary  rock  to  gravel  and 

water. 
Loess,  sand.  Tertiary  rock  and 

shale;  small  supply. 
Loess,  shale. 
Loess,  sand. 
No  record. 

Loess-like  clay,  clay,  gravel. 
Soil,  sand. 

SoiL  clay,  sand,  gravel. 
Soil,  loess,  sand,  and  water, 

rock,  gravel. 


HASLAH  oomrrr. 


Pierre  shale  underlies  most  of  Harlan  County,  but  the  Niobrara 
chalk  rock  is  exposed  along  lower  levels  of  the  principal  valleys. 

A  sufficient  supply  of  good  water  is  obtained  in  most  parts  of  the 
county,  yet  dry  wells  are  not  uncommon  in  or  near  towns  along  the 
Kepublican  and  at  places  on  the  uplands  near  Prairiedog  Creek. 
Wells  on  the  first  bottom  of  the  Republican  range  from  12  to  30  feet 
in  depth.  Those  on  the  terrace  in  the  lower  part  of  Alma  vary  from 
45  to  50  feet;  in  the  north  part  of  that  town  they  are  about  70  or  80 
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feet,  while  at  a  higher  level  on  the  slope  the  depths  are  somewhat 
less,  a  condition  hardly  to  be  expected.  The  water  table  lies  at 
about  the  same  depth  under  the  benches  and  first  bottom  at  Alma, 
Orleans,  and  Republican,  and  the  wells  at  each  place  are  similar, 
except  that  more  difficulty  has  been  experienced  with  dry  -wells  at 
Orleans  than  at  the  other  towns  named.  At  Stamford  it  has  been 
found  difficult  to  obtain  good  water.  The  town  is  located  on  a  high 
bench  in  which  the  Pierre  shale  rises  above  the  water  table. 

On  the  uplands  between  the  Republican  and  the  Prairiedog  valleys, 
the  water  is  contained  in  Tertiary  sands  and  gravels  beneath  a  bed  of 
rock ;  the  wells  range  from  100  to  150  feet  in  depth,  the  deepest  one, 
170  feet,  being  an  exception. 

At  a  few  miles  distant  from  the  river  on  the  high  land  north, 
water  is  usually  obtained  from  Tertiary  gravels  lying  beneath  rock. 
Farther  away  from  the  river  it  is  reached  in  sands  lying  above  the 
rock.  The  deepest  wells  are  in  the  vicinity  of  Ragan,  one  being 
260  feet. 

Wells  in  the  northeastern  part  of  the  county,  where  the  shallow 
lakes  occur,  vary  from  140  to  about  200  feet  in  depth. 

Important  springs  are  found  along  the  Prairiedog,  northeast  of 
Alma,  and  at  several  other  localities. 

Representative  wells  of  Harlan  County,  Nehr. 


Owner. 

l/ocation. 

Depth 
of  well. 

Depth 

of 
water. 

Materials  penetrated. 

Feet. 

Feet. 

Moore,  W.R 

Sec.  4,  T.  1,  R.  19,  upland 

70 

6 

Sand-lime  rock  and  clav  lO 
feet;  then  rock  and  sanil  to 
water. 

Oiillsnie,  D.  O 

Haskins,  M.  H 

Sec.  3,  T.  1 ,  R.  17,  on  slope 

54 

Soil,  sand,  clay,  sand. 

Sec.  15,  T.  1,  R.  17,  bottom 

27 

Soil,  clay,  sand. 

Cook,  J.  M 

Sec.  16,  T.  2,  R.  20 

71 

No  rock. 

Smith,  James 

Sec.  W,  T.  2,  R.  17,  upland 

See.  4,  T.  2,  R.  20,  upland 

100 

5 

No  record. 

Klebi,  r.  F 

122 

8 

Do. 

Popert,  M 

Sec.  3,  T.  2,  R.  20,  bottom 

•K) 

Soil,  clay. 

Do. 

Sec,  4,  T.  2,  R.  20,  upland 

117 



No  record. 

Gilep,  E.  W 

Sec.  7,  T.  3,  R.  20,  bottom 

70 

46 

I^roess  and  sand;  stopped  on 
rock. 

Pecrk,  George 

Sec.  1ft,  T.  1 ,  R.  1 7,  upland 

90 

10 

Loess  50  feet;  sand  40  feet. 

Hutchinson,  M.  L... 

Sec.  3.5,  T.  4.  R.  20 

50 

Soil,  clay,  sand,  gravel. 

Uebel,  0.  W 

Sec.  20,  T.  4,  R.  20,  upland 

215. 

70 

Soil,  loess.  Tertiary  rock, 
sand  and  gravel  to  Pienr 
shale. 

Pettvgrovc,  N.  A.... 

Sec.  17,  T.  4,  R.  20,  upland 

140 

20 

Soil,  loess,  sand,  gravel. 

Bayfey,  Mrs.  I) 

Sec.  21,  T.  ij  R.  20,  upland 

228 

S3 

Soil,  loess  and  Tertiarj-  nxk. 
sand,  and  gravel  on  Piene 

shale. 

FKAKXLIN  COTTNTT. 

The  underlying  impervious  beds  in  Franklin  County  are  the  Nio- 
brara chalk  rock,  which  underlies  the  entire  area,  and  the  Pierre 
shale,  which  is  limited  to  the  western  part.  The  first-named  forma- 
tion rises  east  of  Naponee,  carrying  the  water  table  high  above  the 
river. 
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The  water-bearing  beds  are  the  same  in  this  county  as  in  Harlan, 
but  a  larger  amount  of  well  water  is  derived  from  the  upland  sands 
and  gravels.  The  locality  in  which  it  is  most  difficult  to  secure  an 
adequate  supply  of  good  water  is  south  of  the  river,  where  the  wells 
lire  usually  dry  or  contain  water  of  poor  quality.  Their  depths 
average  about  100  feet  near  the  State  line. 

-  On  the  lowest  bottom  lands  the  water  is  at  a  depth  of  10  to  20  feet. 
At  Naponee  plenty  of  water  is  obtained  from  wells  30  to  40  feet  deep. 
About  Bloomington  and  Riverton  there  are  many  unsuccessful  wells. 
A  well  at  the  foot  of  the  slope  at  Bloomington  is  46  feet  deep,  ending 
in  gravel.  Another,  three- fourths  mile  north,  on  the  slope  is  60  feet 
deep,  supplying  good  water.  At  Franklin  water  is  obtained  in 
coarse  sand  lying  above  the  Niobrara  chalk  rock. 

In  the  uplands  north  of  the  river  the  water  table  varies  from  100  to 
about  200  feet  in  depth,  the  amount  increasing  with  the  altitude.  At 
Moline  the  average  depth  to  water  is  about  160  feet,  and  jn  the 
vicinity  of  Upland  it  is  about  150  feet.  In  a  well  at  the  ranch  of 
James  Grant,.  2  miles  south  of  Macon,  accounted  one  of  the  best  on 
the  'first  ridge,  the  water  level  is  142  feet  below  ground.  In  the 
vicinity  of  Campbell  the  depth  to  the  water  table  ranges  from  150 
to  190  feet,  and  wells  vary  in  depth  from  170  to  about  200  feet,  being 
shallower  along  the  depressions. 

This  county  has  many  small  springs  which  feed  the  creeks  north  of 
the  river. . '  A  good  example  is  the  W.  E.  Ewing  spring,  three-fourths 
mile  northeast  of  Franklin.  It  is  used  for  dairy,  house,  and  stock 
purposes,  and  eventually  may  be  piped  to  Franklin  for  town  use. 
The  fall  from  the  spring  to  the  main  part  of  the  town  is  between  60 
and  70  feet. 

Representative  welh  of  Franklin  County,  Nehr. 


Owner. 


I.KX'ation. 


MiUer,  W.  A. 


Sec.ll,T.l,R.15. 


Hoffhenhe,  Geonre  . .    Sec.  2,  T.  2,  R.  14,  upland  . . 
Davis,  Will 8ec.ll,T.2,R.14,  upland. 


McGinley ,  H "  Sec.  13,  T.  2,  R.  14,  upland . . 

Baker,  D.  W Sec. 2, T. 2, R.  14,  upland.. 

Bauerle,  G Sec.  21,  T.  2,  R.  16,  upland . . 

Sec.33,T.3,R.  13,  lowland. 
Sec.  27,  T.  3,  R.  15 


James,  J.  H 

Postmaster  (Macon, 
Nebr.;. 

Byerly,  Levy 

Zulauf.  Chafi 

Dunn,  John 

Amman,  Paul 

Hansen,  J.  Martin. . . 

Lorain.  H.  B 

Plansen,  Nelson 


Sec.  29,  T.  3,  R.  15 

Sec.  20,  T.  3,  R.  17,  highland  . 
Sec.  20,  T.  3,  R.  16.  highland  . 
8ec.l7,T.3,R,16,  highland  . 
Sec.  28,  T.  4,  R.  14 


Sec.  20,  T.  4,  R.  14,  highland  . 
Sec.  16,  T.  4,  R.  14 


Depth 
of  well. 


Feet. 
20 

130  , 

132  I 
135  I 
154  I 
120 


Depth 

of 
water. 


Feet. 


5  or  6 
6 
6 
5 
15 


36 
170 

20 

185 

220 
231 
170 

is" 

15 
15 

151 
187 

12 

Materials  penetrated. 


Soil,  sand,  and  gravel  to  Nio- 
brara chalk. 
No  record. 

Do. 

Do. 

Do. 
Sandy  loam  and  clay;  sand  at 

bottom. 
Coarse  gravel. 
Soil,  125  feet;  sand,  50  feet. 

Clay.  120  feet;  sand.  65 feet. 

Black  soil  and  sand. 

No  record. 
Do. 

Black    soil,   clay,   sand,   and 
gravel. 

Sand  and  clay. 

Clay  and  sand  to  water-bear- 
ing gravel. 
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WEBSTZB  OOTOTT. 

The  underground  water  conditions  in  Webster  County  resemble 
those  described  as  existing  in  the  eastern  part  of  Franklin  County. 
but  the  wells  average  somewhat  shallower.  Most  wells  south  of  the 
river  are  in  the  bottom  lands  of  small  ravines,  where  the  chalk  rock 
affords  a  limited  supply  of  water  of  inferior  quality. 

In  the  uplands  north  of  the  river  water  is  obtained  from  sands  and 
gravel  lying  bet;,ween  the  loess  and  the  chalk  rock.  It  is  soft  to 
medium  hard,  and  of  good  quality.  The  depths  vary  from  GO  to  100 
feet,  the  deepest  wells  being  in  the  northwestern  part  of  the  county. 
About  Blue  Hill  and  Rosemont  the  depth  to  water  averages  less 
than  100  feet. 

Taken  as  a  whole,  the  county  is  supplied  with  an  abundance  of 
good  water.  Dry  wells  are  found  south  of  the  river  and  at  a  few 
places  near  it  on  the  north.  At  the  ranch  of  John  Griffith,  2  miles 
west  of  Red  Cloud,  a  well  was  driven  225  feet,  pa.ssing  through  soil, 
sand,  and  the  Niobrara  chalk  rock  to  the  Carlile  shale,  but  it 
yielded  no  water.  A  well  in  the  northern  part  of  Red  Cloud  ex- 
tends through  loess,  sands,  and  the  Niobrara  formation  to  the  Car- 
lile shale.     The  depth  is  265  feet,  and  the  water  unfit  for  use. 

Inavale,  Red  Cloud,  Amboy,  and  Guide  Rock  derive  their  water 
supply  from  alluvial  sands  and  gravel  at  depths  ranging  from  20  to 
50  feet. 

Springs  feed  most  small  creeks  north  of  the  river.  One  of  the 
strongest  south  of  the  river  is  about  5  miles  from  the  bridge  at  Red 
Cloud. 

Representative  wells  of  Webster  County,  Nebr. 


Owner. 

Location. 

Depth 
of  well. 

Feet. 
36 
30 
30 
GO 
88 
190 
140 

180 

130 

160 
95 

100 

ISO 

82 
76 
200 
IQO 
85 
58 
50 

Depth 

of 
water. 

Feet. 
10 
0 
10 
10 
10 
0 
5 

4 

4 

6 
12 

25 

30 

8 
5 
70 
12 
18 
27 
30 

Materials  penetrated. 

WUd,  Gfiorce 

Noble,  N.S. 

Sutton,  Oliver 

Dickerson,  F.  A 

Sec.  32,  T.  1,  R.  12,  ravine 

Sec.  30,  T.  1,  R.  12,  ravine 

Sec.  21,  T.  1,  R.  12,  ravine 

Sec.  5,  T.  1,  R.  9,  slope 

No  record. 
SoU^ay,  sand. 

SoU,  clay,  sand,  gravel. 

Soil,  3  feet:  loeas,  mnd. 

Sou,  3  feet:  loess,  90  le^t: 
coarse  sand,  quicksand,  peb- 
bles, gravel. 

Soil,  loess,  gravel,  sand,  small 
pieces  of  rock. 

Loess,  gravel  with  occasional 
pieces  of  rock,  and  sand. 

No  record. 

Crabill,  Wiiliam 

Sec.  7,  T.  2,  R.  11,  slope 

Bondnm,  Pierre 

Bean,  Emory 

Gaerens,  Louis 

ErickBon,  Mary 

Snee,  Mary 

S<x;.  10,  T.  3,  R.  12,  upland 

Sec.  22,  T.  3,  R.  12,  upland 

Sec.  5,  T.  3,  R.  12,  upland 

Sec.  20,  T.  3,  R.  11,  upland 

Sec.  35,  T.  4,  R.  12,  upland 

St«c.  14,  T.  4,  R.  11,  upland 

Sec.  3,  T.  4,  R.  11,  upland 

Sec.  2,  T.  4,  R.  11,  upland 

Sec.  12,  T.  4,  R.  10,  slop© 

Stxj.  10,  T.  4,  R.  10,  slope 

Sec.  9,  T.  4,  R.  10 

Hail,  Mrs.  H.W 

Mattock,  J.  A 

Turner,  Mrs.  S.F.... 
James,  J.  A 

Soil,  loess,  sand,  blue  clay, 

sand. 
Soil,  loess,  broken  pieces  of 

magnesia,  blue  clay,  sand. 
Loess,  sand,  blue  clay,  gravel. 

blue  clay,  sand. 
Loess  to  sand  and  water. 

Buschow,  F.  C 

Blue  HUI 

Loess  to  sand. 

Buschow,  A 

Sec.  4,  T.  4,  R.  10,  upland 

Sec.  17,  T.  4,  R.  9,  upland 

Sec.  10,  T.  4,  R.  9 

Da 

Choats,  C 

Nelson,  Peter 

Loess. 

BuMard,  8.  H 

Sec.  8,  T.  4,  R.  9 

I>a 
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inrCKOLLS  COTOTT. 

In  the  uplands  of  Nuckolls  County  well  water,  is  obtained  from 
sand,  often  quite  fine,  lying  on  the  Niobrara  formation  and  Carlile 
shale  at  depths  ranging  from  about  60  to  110  feet.  In  places  near 
valleys  where  the  bed  rock  is  exposed  or  only  thinly  covered  by  sand 
and  soil  considerable  difficulty  has  been  experienced  in  obtaining 
water  in  sufficient  amounts  and  of  a  suitable  quality.  Wells  south  of 
the  river  are  much  like  those  similarly  located  in  Webster  County. 
At  Nelson  certain  chalk  ridges  and  dry  sand  basins  have  been  the 
cause  of  unsuccessful  wells,  while  in  other  locations,  in  some  cases  not 
far  away,  good  wells  have  been  secured. 

Towns  on  benches  along  the  Republican  derive  a  suitable  water 
supply  from  alluvial  sands  and  gravels. 

There  are  several  strong  springs  in  this  county,  both  north  and 
south  of  the  river.  The  most  notable  is  about  8  miles  northwest  of 
Superior.    It  supplies  water  for  500  to  1,500  head  of  cattle. 

Representative  wells  of  NucholU  County,  Nebr. 


Henderson.  C.  II 

Reid.  Tbomas 

HowBick.  E.  W 

Spahn,  Geo.  8 

Spahn.  Geo.  S 

Henderson,  A.J 

Whittag.  Mabel 

Churchfll,  C.  E 

Kruae,  John 

Coleman,  James 

Yohe.  D.  M 

Middletown.  Wm . . . 

Stien.  C.N 

EUedge,  Chas 

■  Bishop.  C.  A 

Shaw.  William... 
Baker.  W.  A 

Kimmerer,  Ira 

Raskin 

Smith.  J.  C 

Beachey  heirs 

Brockman,  M 

Nesblt.  J.  B 

Wehrman,  F.  A 

Montgomery.  D.  W . 

King.  WUllam 

SheU.J.  F 


Location. 


Sec.  23,  T.  1.  R.  8. 
8€C.  24,T.  1.  R.  7. 
Sec.23,T.  1,  R.  7. 


8ec.l4,T.l,R.7 

30 

Sec.  4.  T.  1,  R.  7 

70 

Sec.  22,  T.  1,  R.  6 

30 

Sec.  26,  T.  1,  R.  6 

48 

Sec.  21,  T.  1,  R.  5 

104 

Sec.  23,  T.  2.  R.  8 

75 

Sec.  27,  T.  2,  R.  8 

40 

Sec.  22,  T.  2.  R.  8 

3G 

Sec.  16,  T.  2,  R.  8 

€5 

Sec.  14,  T.  2,  R.  8 

72 

Sec.  13,T.2,R.8 

72 

Sec.  0,  T.  2,  R.  8 

75 

.Sec.  3.  T.  2,  R.  8 

70 

Nelson 

90 

Sec.  24,  T.  2,  R.  6 

48 

Sec.  15,  T.  2,  R.  5 

120 

Sec.  26,  T.  3,  R.  8 

40 

Sec.  34,  T.  3,  R.  8 

70 

Sec.  11,  T.  3,  R.  8 

90 

Sec.  14,  T.  3,  R.  7 

28 

Sec.  17.  T.  3.  R.  7 

80 

Sec.  8,  T.  3,  R.  5 

35 

Sec.  30.  T.  4.  R.  8 

90 

Sec.  8,  T.  4,  R.  8 

50 

Depth 

of 
well. 


FeeL 
36 
40 
61 


Depth  ' 
of     , 
water. 


Materials  penetrated. 


Feet. 


No  record. 
Soil,  loess. 
Loess,  30  feet;   black  clay,  10 

feet;  sand  with  water  at  46 

fept. 
Loess,  shale. 
Loess,  sand,  chalk  rock. 
No  record. 
Water  in. 
Soil,  loess,  sand. 
Sand  and  gravel. 

Do. 
Sand  to  water. 
Loess,  sand,  Niobrara  ohalk. 
Loess,  sand,  gravel. 
Loess,  sand. 
No  record. 
Some  rock. 
Dark  loam,  fine  sand,  clayey 

to  bottom. 
Loess,  sand. 
No  record;  town  pump. 
Black  loam,  loess,  chalk  rock. 
Soil,  loess,  sand,  rock,  gravel. 
No  record. 

Do. 
Loam,  loess,  sand,  shale. 
Soli.  sand. 
Loess,  sand,  gravel. 
No  record. 


THATEB  COVirTT. 

The  water  supply  of  the  upland  wells  of  Thayer  County  comes 
from  sands  and  gravels  lying  on  the  Carlile  and  Greenhorn  forma- 
tions, the  depth  ranging  from  70  to  150  feet.  At  a  few  places  the 
sands  and  gravels  are  dry,  as  at  Byron,  where  much  trouble  has 
been  experienced  in  securing  good  water  for  the  town.    This  condi- 


Digitized  by 


Google 


56      REPUBLICAN   VALLEY    AND    ADJACENT   AREAS,  NEBRASKA. 

tion  probably  is  due  to  the  fact  that  the  Carlile  shale  rises  and  dis- 
places the  water-bearifig  beds.  Fortunately  the  Dakota  sandstone 
lies  only  about  300  feet  below  the  surface  at  Byron,  and  its  -water 
is  of  good  quality  in  that  part  of  the  county.  Wells  recently  sunk 
to  this  source  afford  an  abundance  of  water,  and  under  pressure 
sufficient  to  raise  it  more  than  50  feet. 

The  Dakota  formation  underlies  all  the  western  part  of  the  county 
at  a  depth  of  from  300  to  350  feet,  and  appears  to  contain  less  salt 
than  farther  east.  Along  the  Little  Blue  Valley  and  at  places  near 
Rose  Creek  the  water  obtained  from  wells  in  this  formation  is  some- 
what salty,  and  although  in  some  cases  it  is  not  too  much  so  for  use,  in 
others  it  is  decidedly  objectionable. 

The  Carlile  and  Graneros  shales  outcropping  along  the  Little  Blue 
River  and  Rose  Creek  valleys  contain  but  small  amounts  of  had 
water,  unfit  for  domestic  purposes.  The  Greenhorn  limestone  affords 
water  of  fair  quality  to  a  few  wells. 

Alluvial  sands  and  gravels  are  the  source  of  most  water  supplied 
to  towns  located  on  bottom  lands.  At  Hebron  wells  averaging  from 
30  to  40  feet  deep  extend  through  alluvium  to  limestone.  The  small 
artesian  basin  at  Alexandria  has  been  described  on  page  44. 

Wells  at  Hubbell  vary  in  depth  from  30  to  40  feet,  and  their  supply 
diminishes  somewhat  in  dry  weather. 

Representative  wells  of  Thayer  County,  Nehr. 


Owner. 


Webber,  Fred. 


Uaaton,  Nelson 

Forsdlclc,  Stephen . . . 
Baldwin,  D.J 


Sec.  31,  T.  1,  R.  3. 
Sec.  35,  T.  1,  R.  3. 
Sec.9,  T.  1,  R.  2.. 


Burdlck,  A S<>c.  31,  T.  1,  R.  1. 

Aufderheide,  J.  H  . . .    Sec.  13,  T.  2,  R.  4 . 


Location. 


Sec.  36,  T.  1,  R.  4. 


Werner,  Phil... 
Thiernan,  II.  B. 
Cornell,  E.  M... 
Dufur,  WlUiam. 


Wheeler,  Jennie  E . 
Houser,  Joseph 


Thiernan,  W . 


Sec.  11,  T.  2,  R.  4... 
Sec.  5,  T.  2,  R.  4.... 

Sec.  6,  T.  2,  R.  2 

Sec.  1,  T.2,  R.2  W. 

Sec.  4,  T.2,  R.  1  W. 
Sec.  2,  T.2,  R.  1  W. 


Sec.  25,  T.  3,  R.  4. 


Meyer,  John Sec.  21,  T.  3,  R.  4 

Eltlng,  Charles Sw.  18,  T.  3,  R.  3 . . . . 

Scharatt,  II.  J ;  Sec.  8,  T.  3,  R.3 

Upton,  R.  B Sec.  4,  T.  3,  R.3 

Schainost,  Fred '  Sec.  36,  T.  3,  R.  1  W . 

HeiTfott,  Joseph |  Sec.  26,  T.  3,  R.  1  W . 

Knape,  O Sec.  36,  T.  3,  R.  1  W . 


Depth    I>«5th; 
o'^«"-|wa4r.' 


Materials  penetrated. 


Feet. 
315 

Feet. 
100 

88 
150 
125 

8 
5  or  6 

725 
98 



106 

- 


105 

20 

5 

27 

10 

71 

36 

100 

18 

86 

120 

147 

112 

92 

55 

22 

32 

' 

173 

40 

100  '  Loess,  Band,  50  feet;  ahale,  160 
feet;  limMtone,9feet:  shale 
to  315  feet. 
;  Loess,  20  feet;  sand,  68  feet. 
I  No  record. 
Loess, 80  feet;  sand  and  grmret, 

45  feet. 

No  record. 

I  Wat«r  in  coarse  sand  3  Itet 

thick. 

No  record. 

Do. 

Do. 

Soil,  sand,  and  gravel:  at  base 

of  limestone  bluff. 
Sou,  8hale,.8iate,  flint. 
Soil  and  sand.  10  feet;  lime 
rock,  13  fioet;  blue  shale  with 
occasional    hard    beds,    75 
feet;  sandstone,  2  feet;  poor 
supply. 
Soil  and  loess,  20  feet;  sand,  4 
feet;  ooarse  sand  and  gravel 
12  feet. 
Loess,  sand. 
No  record. 
Do. 
Do. 
Sand,  shale. 

Soil,  2  feet;  day.  8  fleet:  lixw^ 
stone  and  beds  of  clay,  22 
feet. 
Soil,  limestone,  shale,  sand- 
stone. 
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Reprettntaiive  wells  of  Thayer  County y  Nebr. — Continued. 


Owner. 


Location. 


°«^«"watr. 


Materials  penetrated. 


Bergott,  Jowph. . . 

Balln,  A 

I>iU,lC.C 

Mahoffy^S.  A 

Wright,  G.N 

Bloe,  A.W 

Bosbnell,  Scott.... 
Thomp«on,  Geor^ 


Sec.  3S,  T.  3»  R.  1  W 

Sec.  12,  T.  3,  R.  1  W 

Sec.7,T.3,R.2.... 

8ec.M,T.4,  R.4... 
Sec.36,T.4,  R.4... 
Sec.  24,  T.  4,  R.  3. . . 
Sec.22,  T.4,R.2..- 
8ec.  11,  T.  4,  R.  2. . . 


Feel. 
150 


192 


70 


Feet. 

18 


Boil  and  clay,  5  feet:  limestone 
with  clay  oeds,  25  feet;  shale 
to  water  in  sandstone. 

Sou  and  loess,  70  feet;  lime- 
stone and  clay  to  water  In 
sandstone. 

Soil,  2  i^t;  loess,  61  feet; 
coarse  sand  and  gravel,  7 
feet. 

Loess,  30  feet;  sand,  50  feet. 

NorBcord. 
Do. 

Loess,  40  feet;  sand.  ISO  feet. 

Boll  and  gumbo,  2  feet;  loess, 
18  feet;  sand  and  cUy,  65 
feet. 


JE1TER80V  COmrTT. 

The  occurrence  of  underground  water  in  Jefferson  County  is  very 
irregular.  In  localities  where  the  Graneros  and  Carlile  shales  are 
not  overlain  by  water-bearing  sand  or  gravel,  the  only  alternative 
is  to  drill  or  bore  into  the  Dakota  sandstone,  which  supplies  water 
in  abundance,  indeed,  but  varying  in  quality  with  the  locality.  In 
localities  where  the  Graneros  shale  extends  high  up  the  valley  slopes, 
good  wells  are  rare,  unless  they  extend  through  the  shale  into  the 
Dakota  sandstone.  Some  of  the  wells  in  this  sandstone  yield  good 
water,  but  in  many  of  them  it  is  saline,  examples  of  the  latter  being 
found  at  Gladstone  and  at  a  number  of  points  between  Powell  and 
Steele. 

In  much  of  the  county  a  thick  deposit  of  Quaternary  sands  and 
gravels  beneath  the  loess  affords  an  abundance  of  water  at  depths 
varying  from  70  to  160  feet.  These  sands  and  gravels  are  extensively 
developed  in  the  uplands  east  of  Fairbury,  about  Jansen.  and  north 
of  the  Big  Sandy. 

At  Powell  the  first»water  in  the  alluvium  lies  within  a  few  feet  of 
the  surface.  At  Fairbury,  on  the  bottom  lands,  where  Pleistocene 
and  alluvial  sands  blend  so  that  it  is  difficult  to  distinguish  between 
them,  they  carry  a  large  supply  of  water,  reached  by  wells  varying* 
from  30  to  over  100  feet  in  depth,  the  deeper  wells  being  on  the  valley 
slope.  At  Endicott  and  Steele  the  supply  comes  from  the  Dakota 
sandstone  and  alluvium.  About  Jansen  wells  usually  derive  their 
water  from  Quaternary  sands,  but  the  deepest  one  extends  a  short 
distance  into  Dakota  sandstone. 

Numerous  springs,  some  of  considerable  size,  occur  among  the  deep 
ravines  along  Rose  Creek  and  other  tributaries  of  Little  Blue  River. 
A  hotel  in  Steele  is  supplied  by  spring  water.  A  general  seepage 
into  Big  Sandy  and  Little  Blue  River  from  the  Dakota  formation 
and  Pleistocene  sands  occurs  in  the  northwestern  part  of  the  county. 
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Representative  wells  of  Jefferson  i 

County 

Nebr, 

Owner. 

Location. 

Depth 

of 
weir. 

Feet. 
15 

Depth 

of 
water. 

BCaterials  penetntted. 

Wimer,  EU 

Sec.  31,  T  1,  R.  1  E  . 

Feet. 
7 

Soil,  clay,  limestone,  ciaj-. 

Rock,  clay,  soapstone. 

No  record. 

Soil,  sand,  graveL 

SoU,  4  feet:  loess.  10  feet:  Da- 
kota clay  .66  feet;  sand.l  foot. 

SoU  and  clay ..35  feet;  sand.  6S 
feet;  tdate,  soapstone*  and  a 
little  coal. 

Loejs.  2  feet;  sand,  16   feet: 

Lobaugh.J.  M 

Simmons,  James 

Shepherd.  Alex 

Bogg«,J.  0 

Connell,  John 

Sec.  32.  T  1   R.  1  E 

Sec.  y<,  T.  I.  R.  1  E 

Sec.  16,  T.  1,R.3 

Sec.3,T.  1,  R.3 

Sec.  10,  T.  2,  Jl.  1  E 

30 
68 
81 

281 

93 
135 

310 

40 
18 
125 

IK) 

150 

110 
148 
227 
160 

115 
122 

62 

96 
00 

130 

2J 
9 
<5 

6 
30 

175 

18 

7 

21 

16 

50 

40 
70 
70 

20 
4 

4 

9 

30* 

6 

Carmony,  F.  A 

BodaiKe,  William  . . . 

Wells,  Ed 

Spic<»r,J.  R 

I<and learner,  Goo 

Sec.  11,  T.  2,  R.  2  W 

Sec.  21,  T.  2,  R.  2 

Sec.— ,T.2,  R.3 

Sec.  10,T.2,  R.4 

Sec.  21 ,  T.  3,  R.  1 

clay,  3  feel;  sand,  19  feet- 
Soil,  20  feet:  lime  rock,  30  feet; 
chale,  GO  feet;  soapstone,  20 
feet:    on    sandstone     with 
water. 
Loess  and  soil,  60  feet;   semd 
and  gravel,  70  feet;  clay,  ISO 
feet;  gravel  and  sand :  water. 
I  oeits  and  sand. 
Hard  pan. 
l.oess.  except  5  feet;  black  day 

and  3  feet  glacial  sand. 
Loam  and  limestone,  20  feet; 
slate.  64  feet:  sand  and  sand- 
stone, 16  feet. 
SoU,  15  feet;  sUte.  35  feet;  lime- 
stone; water  hi  quicksand. 
No  record. 

Weiee,  John 

Sec.  4,  T.  2,  R.  4 

Akin,  A.  M 

Sehroeder,J.  H 

Moles,  D.  P 

Sec.  32,  T.  3,  R.  1 

Sec.  30,  T.  3  N.,  R.  1  E . 

Sec.  26,  T.  3,  R.  2 

Pickens,  Wes 

Sec.  i'i,  T.  3,  R.  2 

Do. 

Janort,  William 

In    town    (Jansen, 
Nebr). 

Wriehley,  Jas 

Public  well  (Harbine, 

Sec.  .^•>,  T.  3.  R.2 

Sec.34,T.3,  R.3 

Sec.  10,  T.  3,  R.4 

Do. 
Soil,  4  feet:   loess,  100  feet: 

glacial  sand,  56  feet. 
Quicksand. 
Loam,  except  3  feet  of  sand  at 

bottom. 
Loess,  2  feet;  sand,  14  feet: 

clay,  8  feet;  sand. 
No  record. 

Do. 
Jjoam  and  sand,  40 feet;  slate. 

Sec.  28,  T.  3,  R.4 

Nebr.). 
Woodman,  Art 

Frost.  Eph.  (owner, 
Newell,  H.  J.). 

HeJlwig.  Frank 

Glenn,  Mary 

Sec.  30.  T.  4  N.,  R.  IE 

Sec.  27,  T.  4  N..  R.  1  E 

Sec.  26,  T.  4  N.,  R.  1  E 

Sec.  23.  T.  4,  R.  1 

Sec.  32,  T.  4,  P..  4 

Wolfe,  Cyrus..*. 

2  feet;    sand.  13  feet;   lime 

SoU,  8  feet;  loess.  80  feet:  gU- 
cial  drift,  42  feet. 

WATER  POWER. 


OENEBAL  STATEMENT. 


Only  a  brief  statement  as  to  the  location  and  maintenance  of  water- 
power  sites  can  be  given  in  this  report.  The  water-power  prospects 
in  the  Republican  Valley  region  are  more  important  than  i.s  generally 
supposed,  the  plants  now  in  operation  employing  only  a  portion  of 
the  total  power  available.  The  power  is  now  used  principally  by 
flour  and  grist  mills  and  to  some  extent  for  electric-light  plants. 
Climatic  conditions  are  an  important  factor  in  the  industry,  for  the 
winters  are  so  open  as  to  permit  the  use  of  power  during  the  coldest 
months.  In  the  western  counties  there  are  many  sites  with  limited 
power  along  small  si)ring-fed  streams,  but  farther  east,  where  the 
run-off  is  greater  and  streams  are  supplied  liberally  from  under- 
ground sources,  greater  and  more  lasting  powers  are  found. 
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As  yet  the  demand  for  power  is  not  great.  Much  grain  is  now 
shipped  outside  the  region  which  might  be  milled  in  the  valley  were 
it  not  for  the  lower  shipping  rates  for  wheat  than  for  flour.  As  a 
result  of  this  condition  the  product  of  most  mills  is  only  for  local  use 
and  but  little  power  is  required  to  grind  it.  With  increasing  popula- 
tion, however,  and  the  usual  high  price  of  fuel  there  will  be  an 
increasing  need  for  water  power. 

The  power  sites  are  in  the  basins  of  Republican  and  Little  Blue 
rivers  and  the  more  favorable  locations  are  on  the  strongest  tribu- 
taries. On  these  the  fall  or  grade  per  mile  is  somewhat  greater  than 
on  the  rivers  and  short  dams  impound  enough  water  for  the  mill 
pond  at  small  expense.  Along  the  rivers  dams  need  to  be  longer, 
and  consequently  are  more  expensive  to  construct  and  to  maintain. 
Republican  River  usually  dries  up  in  the  western  counties  during  a 
part  of  the  summer,  a  condition  which  prevents  successful  develop- 
ment of  water  power  there.  Farther  east  the  constant  flow  affords 
ample  supply,  but  occasional  high  waters  are  apt  to  cut  a  new  channel 
to  one  side  of  the  dam  or  to  do  it  much  damage.  This  is  especially 
true  where  the  dam  lies  on  sandy  alluvium. 

FOWEB  BITES  IN  THE  REPUBLICAN  YALLET. 

Several  years  ago  water  powers  were  in  operation  on  Republican 
River  at  Oxford,  Alma,  Franklin,  and  Red  Cloud.  Periods  of 
drought  and  high  water  brought  about  their  disuse,  except  at  Red 
Cloudy  where  the  mill  was  burned.  Three  powers  are  now  operated 
along  the  Republican,  near  Arapahoe,  at  Orleans,  and  at  Superior. 
The  dam  at  Superior  is  shown  in  PI.  XII,  B. 

Powers  might  be  obtained  at  reasonable  cost  at  several  places  on 
tributaries  of  the  Republican.  The  flow  of  Buffalo  Creek  in  Dundy 
County  varies  but  little  during  the  year  and  continues  all  winter. 
The  stream  gages  about  10  j-econd-feet  with  a  fall  of  about  15  feet 
per  mile.  Power  for  use  about  the  house  has  been  employed  by 
Mr.  N.  J.  Allen,  who  diverts  a  part  of  the  flow  in  his  irrigation  ditch 
over  a  small  wheel  which  can  be  connected  to  either  a  churn,  washing 
machine,  or  grindstone.  Aside  from  thLs  the  power  of  Buffalo 
Creek  is  not  utilized,  and  at  present  there  is  little  demand  for  it. 
Rock  Creek  is  nearly  as  strong  as  Buffalo  Creek  and  could  be  made  to 
yield  small  powers. 

Several  small  powers  are  available  on  Frenchman  River.  Those 
at  Wauneta  and  Palisade,  both  outside  the  area  treated  in  this  report, 
are  of  most  value,  the  former  utilizing  a  natural  fall  of  7  feet  and  an 
artificial  fall  of  over  1  foot.     Redwillow  Creek  has  a  dam  and  mill. 

A  successful  power,  located  on  Medicine  Creek,  at  Cambridge,  runs 
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a  mill  all  the  year  and  practically  night  and  day.  A  site  now  not  in 
use  is  on  Big  Muddy  Creek,  northwest  of  Arapahoe.  There  are  Z 
dams  in  the  Sappa-Beaver  Creek  basin — ^at  Stamford,  Beaver,  and 
Wilsonville.  A  mill  formerly  operated  in  the  Sappa  was  moved  to 
Superior,  where  it  is  now  running.  Small  spring- fed  streams  afford 
sufficient  water  for  small  powers  at  Naponee,  Bloomington,  and 
Franklin. 

POWER  BZTEB  IK  THE  LITTLE  ELITE  EIVEE  BASIH. 

There  are  8  dams  now  in  the  Little  Blue  basin,  while  another, 
formerly  located  near  the  abandoned  town  of  Meridian,  was  destroyed 
by  high  water. 

Most  dams  in  the  basin  have  been  damaged  by  high  waters  and  on 
that  account  their  maintenance  is  expensive.  The  most  trouble  has 
been  experienced  at  Hebron  and  Fairbury.  At  the  former  place  the 
river  is  held  in  position  at  heavy  expense,  because  the  stream  has  a 
strong  tendency  to  cut  across  the  bottom  just  east  of  the  dam  and  miU. 
At  Fairbury  most  of  the  old  dam  has  been  replaced  recently  by  a 
concrete  dam,  which  it  is  thought  will  better  cope  with  high  waters. 
If  a  dam  on  the  Little  Blue  is  made  too  high  the  flow  of  the  stream 
is  diverted  over  the  low  banks  and  the  sandy  flood  plain  at  times  of 
high  water,  threatening  not  only  the  abutment  of  the  dam  but  other 
property  as  well.  Dam  sites  now  in  use  in  this  basin  are  at  or  near 
Steele,  Fairbury,  Alexandria,  Hebron,  Deweese,  Oak,  and  Blue  Bluffs. 

IRRIGATION. 

The  principal  irrigation  now  in  operation  in  the  Republican  Valley 
region  is  on  thfe  valleys  and  bench  lands,  though  in  some  cases  the 
ditches  extend  out  on  the  lower  adjacent  valley  slopes.  The  extent  of 
irrigable  land  is  moderately  large,  but  the  supply  of  water  is  not 
adequate  for  reclamation  of  the  entire  area.  In  the  eastern  and  cen- 
tral counties  the  average  rainfall  is  sufficient  for  the  growth  of  crops 
without  irrigation,  except  in  an  occasional  season.  At  a  number  of 
places  in  the  Republican  Valley  region  ditches  have  been  constructed 
for  use  during  drought,  but  have  been  allowed  to  get  out  of  order 
during  rainy  seasons.  Furthermore,  the  principal  supplies  are  at  the 
headwaters  of  streams,  and  loss  of  water  by  evaporation  and  seepage 
during  transmission  into  the  broader  valleys  is  great. 

It  has  been  found  that  irrigation  along  the  main  valley  of  the 
Republican  in  the  western  counties  is  practicable  only  near  the  head- 
waters and  below  the  mouths  of  some  of  the  strong  tributary  streams. 
The  best  results  in  that  region  are  obtained  between  Haigler,  Nebr.. 
and  Laird,  Colo,  (see  PI.  XIII,  A),  about  Benkelman,  and  along  the 
Frenchman,  near  Culbertson. 
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A.     IRRIGATED  ALFALFA  FIELD  NORTHWEST  OF  HAIGLER.  NEBR. 


B.     BUR.OAK  GROVE  NEAR  ENDICOTT.  NEBR. 
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According  to  the  State  engineer  about  35,000  acres  are  under 
irrigation  in  the  region  described  in  this  report.  .  The  total  length  of 
ditches  is  about  130  miles,  of  which  apparently  less  than  one-half  was 
operated  in  1904.  The  number  of  acres  irrigated  by  counties  de- 
creases from  west  to  east.  The  counties  including  most  of  the  area 
are  Dundy,  17,415  acres;  Hitchcock,  13,070;  Redwillow,  3,935.  In 
1904  the  area  was  much  less. 

AGRICUI/rUBAIi  BfiSOURCrBS. 

GENERAL  STATEMENT. 

The  utilization  of  the  part  of  the  Great  Plains  where  there  is  but 
little  rainfall  has  been  a  subject  of  much  study.  Different  methods 
have  been  employed  from  time  to  time,  but  they  have  failed  to  bring 
the  results  which  their  promoters  had  hoped  to  attain.  At  times 
stock  raising  has  been  thought  to  be  the  only  industry  adapted  to  the 
sand  hills  and  dry  uplands,  while  again  it  has  been  thought  that 
grain  crops  might  be  grown  over  a  large  portion  of  the  area.  The 
successes  and  failures  in  the  unfavored  sections  have  been  varied. 
Settlement  has  increased  and  decreased  in  periods  corresponding  with 
the  amount  of  rainfall. 

The  early  attempts  at  forestation  by^  planting  "  tree  claims  "  gave 
poor  results,  probably  because  the  planting  was  done  crudely  and 
groves  were  not  properly  cared  for.  Very  few  of  the  thousands  of 
groves  thus  started  have  survived,  but  a  few  successful  ones  show 
that,  if  carried  on  with  greater  care  and  with  species  suited  to  the 
climate,  good  results  may  be  attained. 

The  introduction  of  drought-resisting  and  early-maturing  crops  is 
thought  by  some  to  be  an  important  factor  in  reclamation.  The  crops 
thus  far  grown  are  the  forage  crops  and  varieties  of  oats  and  wheat. 

Dry-farming  methods  adapted  to  the  rainfall  are  being  promoted 
at  a  number  of  places.  The  aim  is  to  hold  as  much  of  the  water  in 
the  soil  as  is  possible  by  proper  tillage.  The  main  enemy  to  soil 
storage  of  water  is  evaporation,  and  by  maintaining  a  mulch  the 
loss  in  that  manner  is  reduced  to  a  minimum.  To  what  extent  this 
method,  commonly  called  the  Campbell  system,  will  aid  in  reclama- 
tion is  not  fully  proved.  It  is  promoted  by  the  Chicago,  Burlington 
and  Quincy  Kailroad,  apparently  with  good  results,  and  promises  to 
become  valuable. 

SOILS. 

Agriculture  is  by  far  the  most  important  resource  of  the  region, 
but  its  results  are  greatly  affected  by  the  local  variations  in  climate, 
ground  water,  and  soils.  The  rainfall  and  ground-water  conditions 
have  been  described  above,  but  the  many  different  kinds  of  soils  have 
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not  been  differentiated.  In  general,  the  distribution  of  the  different 
types  corresponds  witli  that  of  the  geologic  formations,  but  minor 
variations  exist,  often  of  considerable  importance  in  plant  growth. 
There  are  in  the  region  three  fairly  distinct  agricultural  province*r— 
the  loess  table-lands,  the  alluvial  bottom  lands,  and  the  sand  hills. 

The  loess  plains  of  the  wide  table-lands  between  the  valleys  oc- 
cupy the  greater  part  of  the  area  treated  in  this  report.  Where  the 
streams  have  cut  through  the  loess,  the  various  underlying  formations 
appear  with  soils  of  different  kinds  extending  in  narrow  belts  along 
the  valley  slopes.  Glacial  soils,  which  occur  mostly  in  Jefferson 
County,  are  clayey  or  sandy,  with  an  admixture  of  pebbles  and  lx>wl- 
ders.  Soils  cm  or  below  outcrops  of  Dakota  sandstone  are  sandy,  but 
in  places  are  clayey  or  ocherous.  Extensive  alluvial  soils  occur  along 
the  rivers  and  their  tributaries.  They  contain  a  high  per  cent  of  silt 
or  sand  and  usually  a  small  proj>oii:ion  of  clay.  Soils  formed  from 
the  Cretaceous  shales  and  chalk  rock  extend  along  some  of  the  valley 
slopes  not  covered  by  loess  or  alluvium,  and  are  usually  of  bad  qual- 
ity for  agriculture. 

In  the  sand-hill  region  loose  sandy  soil  of  the  dunes  consists  mainly 
of  quartz  sand  with  but  little  clay,  while  in  the  basins  and  dry  valleys 
there  is  an  admixture  of  some  humus  and  considerable  clay. 

The  table-land  soil  is  sandy,  and  may  grade  into  sand  hills  on  one 
side  and  into  the  so-called  plains  marl  or  western  loess  on  the  other. 
The  talus  slopes  below  ledges  of  Tertiary  rock  are  mostly  sandy  or 
gravelly. 

CROPS. 
NATIVE  GRASSES  AKD  THEIR  XTTIUZATIOK. 

The  region  contains  a  large  number  of  grasses,  the  distribution  of 
which  is  controlled  by  topographic  and  hydrographic  conditions. 
The  highest  and  heaviest  growth  is  found  on  bottom  lands  and  east- 
ward over  the  valley  slopes.  The  drier  uplands  are  quite  thickly 
matted  with  "  short  grass.''  In  the  sand-hill  region  the  grass  cover- 
ing mostly  is  thin,  except  in  the  dry  l)iisins  and  valleys.  In  this 
region  there  is  often  much  sagebrush  and  other  herbaceous  plants, 
having  but  little  grazing  value.  In  all  the  counties  the  meadow 
grasses  are  cut  for  hay,  with  a  total  product  estimated  at  100,000  tons 
per  year. 

Three  species  of  blue-stem  grasses  are  of  frequent  occurrence: 
Andropogan  furcatus  is  abundant  on  the  bottom  lands  eastward; 
Andropogan  sroparius  (bunch  grass)  is  widely  distributed,  extend- 
ing over  bottom  lands,  onto  ridges,  and  throughout  the  sand  hills; 
Andropogan  halli  is  found  on  sand  dunes  and  ridges. 

Under  the  najne  buffalo  grass  a  number  of  species  are  usually  in- 
cluded.   One  of  these,  Bulbulia  dactyloidea^  is  widely  spread  over 
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the  dry  uplands,  and  extends  as  patches  in  dry  basins  and  valleys  in 
the  sand  hills.  It  is  very  nutritious,  and  when  not  too  much  leached 
by  fall  rains  serves  as  one  of  the  best  winter  foods.  The  grammas  are 
generally  known  as  buffalo  grass,  with  which  they  correspond  some- 
what in  distribution  and  values  for  grazing.  One  of  them,  Bouteloita 
oligo8tachya^  is  perhaps  the  most  important  dry  upland  grass.  A 
larger  species  is  more  often  cut  for  hay. 

The  uplands  are  occupied  nearly  exclusively  at  places  by  wheat 
grasses,  which  are  not  so  desirable  as  the  buffalo  and  grammas. 
Stipa  conata  is  a  common  ^species. 

CULTIVATED  70BAOE  GK0P8. 

Among  the  cultivated  forage  crops  alfalfa  is  first  in  importance. 
It  is  most  successfully  and  extensively  grown  throughout  the  region 
on  low  bench  lands,  where  it  has  become  an  important  resource. 
Three  or  four  crops  are  cut  each  year,  and  are  used  extensively  as 
swine  pasture  and  for  hay.  Some  of  the  largest  fields  are  near 
Indianola,  Beaver,  and  Republican.  In  the  counties  farthest  west 
irrigation  is  employed  where  water  is  accessible ;  a  typical  irrigated 
field  is  shown  in  PI.  XIII,  A,  On  the  uplands  about  two  cuttings 
are  harvested  each  year.  In  the  sand  hills  the  crop  is  now  grown  at 
a  few  places  where  ground  water  rises  close  to  the  surface. 

Timothy  and  clover  are  not  very  extensively  grown.  The  principal 
forage  crops  raised  during  drought  times  and  on  the  driest  lands  are 
sorghum,  Cane,  millet,  and  hungarian.  These  require  more  labor  in 
cultivation  than  alfalfa,  and  hence  are  less  popular  crops. 

The  following  table,  showing  the  acreage  of  cultivated  forage  crops, 
is  compiled  from  the  Nebraska  Labor  Bureau  Report  for  1908 : 

Area  of  culti  rated  forage  crops. 

[  Acms.] 


County. 

Alfalfa. 

Millet  and 
hungarian. 

Sorghum 
and  cane. 

nundy 

618 
533 
0,956 
10,350 
11,683 
5,882 
10.168 
8,178 
4,366 
2,979 

2,021 
402 
3,617 
2,540 
1,959 
1,229 
2,217 
2,544 
1,451 
3,706 

5  403 

Hitchcock 

10,188 

RedwiUow 

8,416 
10,785 
2  262 

Fuma« 

Harlan 

FraDklin 

2,433 

Webster 

4,396 
2,525 
2,271 
2,405 

Nuckolls 

Thayer 

Jefferson 

Total 

61,742 

21,686 

51,084 

O&AIN  CROPS. 


The  principal  grains  cultivated  are  com,  wheat,  oats,  and  rye. 
Barley  is  raised  to  some  extent  west  of  Franklin  County.  Winter 
wheat  is  much  more  common  than  spring  wheat,  especially  in  the 
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eastern  part  of  the  region.  The  accompanying  table,  which  is  based 
on  the  labor  bureau  report,  shows  the  number  of  bushels  of  the 
principal  cereals  produced  in  each  county  in  1903 : 

Quantity  of  cereals  produced  in  190S. 
[Bushels.] 


County. 

Com.      1 

806.067 
668,640 
1,561,681 
1,986,544 
1,966,456 
1,961.008  1 
2,272,956  j 
2.9n,652  1 
^212,131  ' 
21748,461  ; 

Wheat. 

40,970 

446,855 

1.555,870 

1,690.314 

i.30o,efo 

1:066.530 
1,032,475 

923,450 
1.018. 0P4 

727,240 

OaU. 

Ry-e- 

Dundy 

6,5S0 

5.778 

24.412 

76.434 

195.397 

401. 131 

492,231 

485,619 

1.025.303 

4.073,478 

13.$S< 

Hitchcock 

172.  «B 

RedwUlow 

4S&.VS 

Furnas 

323.12 

Harlan 

256. -W 

Franklhi 

«.s:^ 

Webster 

bL72l 

Nuckolls 

72.fr4 

Thayer 

SKI  19 

Jefferson " 

16.350 

Total 

20,161,506  t 

1 

9.802,488 

6.746.342 

1.475,966 

FBTTIT  KAIBIHG. 

Numerous  wild  fruits  grow  along  ravines  and  in  canyons.  Culti- 
vated fruits — such  as  peaches,  plums,  and  cherries — ^are  marketed 
from  a  number  of  large  orchards.  The  W.  T.  Collins  orchards,  lo- 
cated on  bench  lands  1  mile  west  of  Beaver,  contain  1,300  peach  trees, 
which  were  heavily  loaded  in  1904. 

On  the  place  of  James  Drummond,  6  miles  northwest  of  Haigler 
and  three- fourths  mile  from  the  Colorado  line,  is  a  successful  orchard 
and  vineyard  under  irrigation.  WTien  visited,  cherry  trees  had  aver- 
aged between  3  and  4  bushels  of  fruit  each,  and  the  apple  trees  were 
in  promising  condition.  Mr.  N.  J.  Allen  has  raised  fine  peaches  and 
plums  by  irrigation  on  a  sand-hill  point  4  miles  east  of  Haigler. 
These  are  but  types  of  a  large  number  of  orchards  that  might  be 
name(l 

SXTGAH  BEETS. 

Beets  are  successfully  grown  under  irrigation  on  the  bench  lands 
of  the  western  counties,  but  the  best  crops  are  raised  in  the  French- 
man Valley  above  Culbertson  and  at  a  number  of  points  along  the 
Republican.  The  following  table  shows  the  acreage  of  beets  by  coun- 
ties and  the  extent  of  the  crop  for  1904: 

Acreage  planted  in  heetn,  190^^,  in  noutherti  Nebraska. 


Ck)iinty. 


County. 


Dundy 

HItcheook 

Red  willow 

Furnas 

Harlan M. 

Franklin 


92  1  Webster I  S2 

686  ,  NuekollH 1 

690  I  Thayer 4 

96  I  

32  I           Total I  1,671 
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STOCK    RAISING    AND    DAIRYING. 

Stock  raising  and  dairying  are  closely  related  to  the  grass  growth, 
forage,  and  grain  crops  already  described.  The  largest  stock  ranches 
are  located  in  the  thin  and  short  grass  regions  where  most  of  the 
land  is  cheap,  and,  owing  to  its  subhumid  condition,  is  better  adapted 
to  grazing  than  to  other  agricultural  purposes.  The  grasses  cure 
on  the  sod  during  the  time  of  diminished  rainfall  in  the  late  summer 
and  fall  months  and  afford  pasturage  all  winter  except  at  times  of 
deepest  snowfall.  Thousands  of  cattle  and  horses  "  rustle  "  during 
the  winter  without  other  food.  Some  winters  this  lack  of  care  for 
stock  has  resulted  in  heavy  losses,  especially  in  former  years  when 
most  cattle  were  not  provided  for;  during  heavy  snowstorms  large 
numbers  died  more  from  hunger  than  from  cold.  Of  recent  years 
winter  feed  usually  is  provided  for  stock  during  times  of  ex- 
ceptionally severe  weather  and  the  percentage  of  loss  is  greatly 
diminished. 

The  western  part  of  the  region  to  which  this  report  relates  lies  in 
that  part  of  the  Great  Plains  which  is  generally  known  as  the  "  cattle 
country,"  yet  the  number  of  animals  per  square  mile  in  the  western 
counties  is  less  than  it  is  farther  east  where  more  corn  is  grown.  The 
day  of  the  open  range  has  passed;  now  large  areas  are  fenced,  in 

the  grazing  counties,  and  controlled  by  ranchmen. 

In  the  counties  farthest  east  stock  are  pastured  on  the  roughest 

land  during  the  grazing  months  and  fed  on  rough  feed  in  winter. 

Swine .  are  raised  cheaply  and  in  large-  numbers  where  alfalfa  is 

most  extensively  grown. 

Dairying  has  become  one  of  the  important  industries  throughout 

the  region  and  is  successful  during  both  drought  and  humid  years. 

The  cream  is  shipped  from  numerous  stations  to  large  creameries. 
The  accompanying  table  shows  the  number  and  distribution  of  the 

principal  farm  animals  for  1904 : 

Number  and  distribution  of  farm  animals  for  1904. 


County. 


Dandy 

Hitchcock I 

Red  willow ' 

Famas 

Harlan 

franklin 

Webster , 

Nuckolls I 

Thayer 

Jefferson 

Total : 

3692— 1KB  216—07 5 


Horses 

Cattle. 

Hogs. 

and 
mules. 

15.677 

5,002 

2,708 

13,995 

4,254 

3,549 

17,b63 

16,566 

4,601 

33,238 

29,688 

11,307 

26,402 

21,888 

8,546 

24,926 

25,876 

7,732 

33,690 

34,600 

10,089 

22,000 

26,930 

6,865 

29,202 

26,586 

11,487 

26,054 

27,218 

8,303 

242,947 

218,707 

75,087 
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TIMBER. 

Early  settlers  and  prairie  fires  destroyed  much  of  the  natural  tree 
growth,  which  appears  to  have  been  more  prevalent  at  the  time  of  the 
country's  first  occupation  than  it  is  now.  However,  the  traveler 
while  passing  along  the  open  valleys  is  apt  to  underestimate  the 
amount  of  timber  growing  in  the  region  as,  for  the  most  part,  it 
is  confined  to  ravines  and  the  rough  lands  adjacent  to  the  larger 
valleys. 

Cottonwoods  are  found  both  in  groves  and  isolated  on  all  valley 
bottoms.  Along  the  Frenchman  Valley  and  in  the  canyons  of  north- 
eastern Dundy  County  there  are  cottonwood  trees  2  to  3  feet  in 
diameter,  and  one  located  7  miles  northwest  of  Fairbury  is  over  6 
feet  in  diameter.  Willows,  represented  by  one  or  more  species,  are 
found  in  all  valleys  of  any  considerable  size. 

Bur  oaks  follow  up  and  cover  the  sandy  slopes  in  Jefferson  County, 
and  occur  westward  along  the  Little  Blue  and  in  the  lower  cour^Je  of 
the  Republican  Valley  (see  PI.  XIII,  B),  Elms  are  found  in 
largest  numbers  on  the  bottom  lands  in  Jefferson,  Thayer,  and  Xuck- 
olls  counties,  but  extend  westward  on  the  alluvium  to  Dundy  County. 
Parts  of  Sappa  Valley  were  formerly  covered  with  large  elms.  Wal- 
nut trees  of  large  size  grow  in  the  valley  bottoms  as  far  west  as  Red 
Cloud.     A  tree  nearly  3  feet  in  diameter  is  reported  south  of  Naponee, 

Ash  and  boxelders  are  scattered  among  other  species  in  the  valley 
portions  of  the  region.  Straggling  cedars  remain  on  the  bluffs  of 
Webster,  Franklin,  and  Nuckolls  counties,  and  a  small  pine  is  re- 
ported as  having  been  found  in  a  ravine  south  of  Bloomington.  The 
tree  growth  is  utilized  for  firewood,  posts,  and  lumber. 
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to 41-42 

Alexandria,  artesian  well  and  reservoi r  near,    ' 

view  of 46 

dam  near 60 

wells  near 44-45 

Alfalfa,  cultivation  of 63 

view  of 60 

Allen,  N.  J.,  irrigation  by 64 

water  power  used  by 59 

well  of 39 

Alluvium,  agriculture  on 62 

occurrence  and  character  of 24-25 

sand  in 29 

Alma,  Niobrara  rock  used  at 27 

water  power  at 59 

wells  in 51^2 

Amboy,  wells  at 54 
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water  power  at  and  near 59, 60 

wells  near 50 
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rainfall  at 10 

sand  and  gravel  near 29 
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wells  near 50 
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water  power  on 6J) 

Beets,  sugar,  cultivation  of 65 
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wells  near 53 
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wells  near 40-41,50 
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ClIniAte,  deacription  of 9-10 

Coal,  oocuiTPDoe  and  cbancter  of 25-26 

Collina  ( W.  T.)  orebards,  production  of 64 

Condra,  O.  E..  work  of 7 

Crppks  and  rivers,  deacriptiona  of 31-36 

Crptaoeoua  rocks.  oocum>nop  and  character 

of 10.12-19 

water  in.  quality  of 38 

Crops,  character  of 62-64 

Culhertson.  irrigation  near 60 

rainfall  at 10 

sugar  beets  near 64 

D. 

Dairying,  practiop  of 65 

Dakota  formation,  artesian  water  In 26. 43-45 

building  stone  from 26-27 

day  in 28 

coal  in 25 

ocher  in 30 

occurrence  and  character  of 12-13 

sand  and  gravel  In 29 

section  of 13 

springs  from 36-37 

view  of 14 

water  in 26.39. 43-i5 

quality  of 38.44 

D'Allemand.  A.,  log  of  Arapahoe  well  fur- 
nished by 51 

Dams,  Jocation  of 60 

view  of 46 

Darton,  N.  H. ,  on  Benton  group 13 

work  of 7.11.28 

Dewoese,  dam  near 60 

Dickorson,  William,  ranch  of,  well  on 50 

Drainage,  description  of ! 8-9 

Drift,  glacial,  occurrence  and  character  of. .  20-22 

Drummond  place,  fruit  raising  on 64 

well  on 46 

Dry  farming,  attempts  at 61 

Dundy  County,  crops  In 63,64 

geology  in 19.24,25,26,45 

irrigation  in 61 

spring  in,  view  of 34 

stock  raising  in 65 

water  resources  of 46-46 

wells  in 46 

E. 

Economic  geology,  description  of 25-31 

See  alno  particular  minerah. 

Edison,  volcanic  ash  at 30 

wells  near 50 

Elephant  bones,  occurrence  of 22, 24 

Endicott,  bowlders  near,  view  of 22 

clay  near •  28 

Dakota  sandstone  near,  view  of 14 

timlier  near,  view  of 60 

wells  near 57 

Evaporation,  water  loss  by 39 

Ewing,  W.  E.,  spring  of 53 

F. 

Fairbury,  building  stone  near 27 

clay  near 28 


Pi«e. 

Fairbury.  dam  near 60 

quartzite  near,  view  of 22 

rainfall  at IB 

sand  and  gravel  at 29 

section  near 14 

wells  near 44.57 

Fairbury  J  unction,  sand  and  gravel  near ...      29 

Faults,  occurrence  of 11 

view  of 14 

Fenoepost  limestone,  building  stone  near. . .      27 
occurrence  and  character  of 1> 

Flagstone  member,  occurrence  and  chaime- 

ter  of 1-5 

Forage  crops,  cultivation  of 63 

I  Formations,  occurrence  and  character  of...  l()-25 

Fort  Hays  beds,  correlath-e  of 17 

Fossils,  occurrence  and  character  of...  13-16.  isi.  19 

Franklin,  rainfall  at 10 

section  at 30 

water  power  at 59.60 

view  near 30 

wells  at  and  near 53 

Franklin  County,  crops  in 63.64 

geology  in I9..^i' 

ocher  in *' 

stock  raising  in ^^ 

water  resources  of 52-"3 

Frenchman  River,  description  of 34.46 

dischaige  data  of 3.^ 

falls  on 34 

I  view  of 34 

irrigation  along fii 

wate  r  po  wc  r  on 

Fruit,  cultivation  of W 

Furnas  County,  forage  crops  in (3.64 

geology  in ll.W* 

stock  raising  in ^^ 

water  lesouroes  of otKM 


G. 


'  Qaa,  natural,  occurrence  of 26 

Gay,  J.  C,  volcanic  ash  mined  by * 

I  Geography,  description  of M 

i  Geology,  description  of 10-2r» 

See  alio  Economic  geologx- 

I  Gilead,  building  stone  near 27 

I  Glaciers,  topography  shaped  by 8.22 

Gladstone,  building  stone  near 27 

wells  at '^' 

Grain  crops,  cultivation  of 6J-64 

Graneros  shale,  coal  in '^ 

occurrence  and  character  of H 

sections  of 13. 1 4 

waterof,  quality  of 3^ 

Grant,  James,  ranch  of,  well  on 53 

Grasses,  cultivation  of 62-63 

Gravel,  occurrence  and  description  of 2S-3 

Great  Plains,  utilization  of ^1 

Green,  J.  A.,  flow  measurement  by *■• 

Greenhorn  limestone,  building  stone  from. .      3' 

occurrence  and  character  of l*-!** 

section  near 1' 

Griffith,  John,  ranch  of,  well  on 54 

Guide  Rock,  weilsnear ^4 
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riaigler,  fruit  raiafng  near 64 

irrigated  field  near,  view  of 60 

ralnfaUat 10 

•and  hiUs  near,  view  of 26 

springs  near 36 

weUsnear 30,45,46 

Harbine,  flowing  well  at 42 

Harlan  County,  crops  in 63, 64 

geology  of 51 

stock  raising  In 65 

volcanic  ash  In 30 

water  lesooroes  of 51-52 

Hebron,  dam  near 60 

rainfaUat 10 

sand  and  gravel  near 29 

wells  at 56 

TTelvey,  sand  and  gravel  near 29 

Ilendley,  wells  near 50 

Hiitner,  R.  S.,  analysis  by 30 

Hitchcock  County,  crops  in 63,64 

geology  in 24,26,46-17 

irrigation  in 61 

stock  raising  in 65 

water  resources  of 46-48 

Hogs,  number  and  distribution  of 65 

Holbrook,  wells  at 60 

Horses  and  mules,  number  and  distribution 

of 66 

Hubbell,  building  stone  from 27 

weUsat 56 

I. 

Inavale,  wells  at 54 

Indlanola,  ocher  mined  at 30-31 

wells  at 49 

Inoceramus  labiatus,  occurrence  of 13-16, 18 

Inooeramus  pember.  occurrence  and  char- 
acter of 15 

Irrigation,  employment  of 43, 60-61 

J. 

Jansen,  wells  near 57 

Jefferson  County,  building  stone  in 27 

coal  in 25 

crops  in 63,64 

geology  in 11,13,14,16,21,22.57 

stock  raising  in 65 

water  resources  of 57->58 

K. 

Kansan  drift,  occurrence  of 22 

Kesterson,  building  stone  near 27 

sand  and  gravel  near 29 

Kinsley,  J.  W.,  ranch  of,  weU  on 44 

I.. 

Lakes,  occurrence  and  character  of 37 

Lime,  manufacture  of 27 

Lincoln  marble,  occurrence  and  character  of  15 

Little  Blue  River,  character  of 8-9 

description  of 36 

power  sites  on 59,  (» 

valley  of,  geologic  map  of 10 

Loess,  occurrence  and  character  of 23 

Loess  plains,  agriculture  on 62 

character  of « 


PHifC. 

Lookout  Mountain,  sandstone  at 27 

section  at 20 

view  of 20 

M. 

McAlee,  J.,  ranch  of,  irrigation  on 43 

ranch  of,  irrigation  on,  view  of 44 

weUon 30,45,46 

McCook,  gas  In  weU  at 26 

wells  at 2j»,43,48,49 

Macon,  wells  near 53 

Map  of  Nebraska,  showing  area  treated 7 

Map,  geologic,  of  RepubUcan  and  Little 

Blue  valleys 10 

Max,  elephant  bones  near 24 

Medicine  Creek,  description  of 35 

water  power  on 50-60 

Meridian,  dam  near 60 

Mineral  paint,  occurrence  and  character  of. .  30-31 
Mineral  resources,  description  of 25-31 

See  alao  partuvlar  fnin€raU, 

Moline,  weUs  at 53 

Moose  ranch,  springs  on 36 

Mortar  beds,  building  stone  from 27 

view  of 20 

Mules  and  horses,  number  and  distribution 

of 65 

N. 

Naponee,  water  power  at 60 

weUsat 53 

Nebraska,  map  of 7 

sections  across , —       12 

Nelson,  wells  at 55 

Niobrara  formation,  building  stone  from ...       27 

ocher  In 30-31 

occurrence  and  character  of 17-18 

use  of,  in  cement  manufacture 28 

view  of 14,26 

water  of 43 

quality  of 38 

Norton,  fault  near 11 

fault  near,  view  of 14 

Nuckolls  County,  building  stone  in 27 

crops  in 63, 64 

geology  in 17, 18 

stock  raising  in 65 

water  resources  of 55 

O. 

Oak,  dam  near 60 

Ocher,  occurrence  of 30-31 

Odell,  section  near 12 

Ogalalla  formation,  correlation  of 19 

Orleans,  volcanic  ash  at 30 

water  power  at 59 

Ostrea  congesta 16 

Oxford,  water  power  at 59 

wells  near 50 

P. 

Paint,  mineral,  occurrence  and  character  cf.  30-31 

Palisade,  flow  of  Frenchman  River  at 35 

water  power  at 59 
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Pennl&n  rocks,  oocuirenoe  and  character 

of 11-12 

weUsto 44 

Petroleum,  possible  occarrence  of 25 

Pierre  shale,  coal  In 26 

occurrenoe  and  character  of 18-19 

oil  and  gas  in 25 

use  of,  In  cement  manufacture 28 

water  of,  quality  of 38, 46 

Plaster,  manufacture  of 29 

Pleistocene  dejrasits,  sand  and  gravel  from.  29 

springs  from 36 

Pollution  of  wells,  danger  of 42-43 

Ponds,  occurrence  of 37 

Portland  cement,  materials  for  and  manu- 
facture of 28 

Powell,  coal  near 25 

sand  and  gravel  near 29 

wells  near 57 

Prairie  Dog  Creek,  description  of 35 

Q 

Quartzite,  occurrence  and  description  of 27-28 

view  of 22 

Quaternary  deposits,  base  of,  springs  at 36 

(  ccurrenoe  and  character  of 10, 20-25 

water  capacity  of 38 

water  in 39 

R. 

Rainfall,  records  of 9-10 

westward  decrease  of,  diagram  showing.  9 

Red  Cloud,  rainfall  at 10 

sand  and  gravel  near 29 

water  power  at 59 

wells  near 54 

Redwillow,  water  power  at 59 

well  near 49 

Redwillow  County,  crops  in 63 

irrigation  in 61 

8tock  raising  in 65 

water  resources  of 48-49 

Redwillow  Creek,  descripton  of 35 

Relter,  J.  P.,  and  Smith,  Adolph,  ocher 

mined  by 31 

Republican  River,  building  stone  on 27-28 

character  of 8,32, 46 

dam  in,  view  of 46 

discharge  data  of 32-34 

irrigation  along 60 

power  sites  on 59-60 

sand  and  gravel  on 28 

8ourc«,  course,  and  tributaries  of 31-32 

springs  along 36 

valley  of,  geologic  map  of 10 

view  on 32 

Rivers  and  creeks,  descriptions  of 31-36 

Riverton,  wells  near 53 

Rock  Creek,  water  power  on 59 

Rocks,  occurrence  and  character  of 10-25 

Rosemont,  wells  near 54 

S. 

Sund,  occurrence  of 28-30 

Sandhill  Lake,  view  of 32 


BandhiUs,  agriculture  on 62 

oocunenoe  and  character  of KK 

ponds  in 37 

» 

44 

35 


16 


31 

i: 


view  of, 

windmill  in,  view  of 

Sappa  Creek,  description  of 

water  power  on 

Septaiian  zone,  occurrence  of 

Smith,  Adoiph,  and   Relter,   J.   P..  ocher 

mined  by 

Smoky  Hill  chalk,  correlative  of 

Soils,  occurrence  and  character  of 61-62 

Springs,  distribution  of 47 

in  Furnas  County 50 

in  Harlan  County '^2 

in  NuckoUs  County. w 

in  Redwillow  County 49 

in  Webster  County 54 

origin  of 3f»-37 

view  of 34 

Stamford,  flow  at 3S 

water  power  at 60 

Steele,  clay  near 28 

dam  near <ti 

section  near 13 

wells  near 44.57 

Stevens,  J.  C,  data  from 32 

Stipa  conata,  ooourrence  of <3 

Stock  raising,  practice  of fi5 

Stone,  artificial,  manufacture  of 29-30 

Stone,  building,  occurrence  and  characterof.  ^2^ 

Stratigraphy,  description  of 10-25 

Structure,  description  of 11 

Sugar  beets,  cultivation  of 65 

Superior,  dam  at,  view  of 46 

rainfaUat 10 

sand  and  gravel  near 29 

water  power  at 59 

wells  near 55 

Surface  waters.    See  Waters,  surface. 


Temperature,  records  of 9 

Terraces,  occurrence  and  character  of 25-24 

view  of 24 

Tertiary  deposits,  building  stone  from 27 

occurrence  and  character  of 10, 1^20 

sand  and  gravel  in 29 

section  of 20 

springs  at  base  of 3«5 

view  of 30 

water  in ^.<^ 

quality  of 3S 

water  capacity  of 3S 

Thayer  County,  building  stone  in -7 

crops  in tUM 

geology  in 21 ,  5fi 

stock  raising  in 65 

water  resources  of 55-57 

I  Timber,  occurrence  and  character  of f* 

I         view  of I* 

I  Topography,  description  of S 

'  Trail  Canyon,  character  of § 

I         gravel  in,  view  of 20 

I         terraces  near,  view  of '-* 
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Trees,  accUmatiEation  of 61 

dist  ribiition  and  kinds  of 66 

Trenton,  sand  and  gravel  near 29 

springs  near 36, 47 

wells  near 41 

U. 

Underground  waters.     See  Waters,  tinder- 
groond. 

V. 

Volcanic  ash.  analjsis  of 30 

character  and  uses  of 30 

W. 

Water  power,  description  of 58-61 

Water  reaiNuces,  description  of 31-61 

description  of,  hyooonties 45-S8 

Water  table,  level  of 38 

Waters,  surfacp,  character  of 31 

description  of 31-37 

storage  of 37 

Waters,  undeiground,  conditions  of,  figure 

illustrating 40 

depletion  of 38-39 

occurrence  of,  figure  showing 40 

quality  of 38 

source  of 37-38 

Wauneta.  falls  near 34 
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W^auneta,  falls  near,  view  of 34 

water  power  at 50 

Webster  County,  crops  In 63,64 

ocher  in 30 

stock  raising  in 66 

water  resources  of 54 

Weeks,  C.  R..  blowing  well  on  ranch  of 42 

Wells,  artesian,  location  of 26, 43-45 

prospects  for 44 

view  of 46 

Wells,  blowing,  conditions  causing 41-42 

conditions  causing,  figure  illustrating . .       41 

freezing  of 42 

WeUs,  Geoige.  blowing  well  of 42 

Wells,  shallow,  data  on 45-58 

description  of 30 

irrigation  from 43 

pollution  of 42-43 

yield  of 39-41 

See  cU90  partiaUar  counties,  owners,  etc. 

Wil8on\ille,  water  power  at 60 

wells  near 50 

Wind  erosion,  effects  of,  view  illustrating . .        24 

Windmills,  pumping  by 43 

view  of 44 

Winds,  cliaracter  of 10 

Woodruff,  Kans.,  quarry  at 27 

Z. 

Zlke,  S.  (\,  volcanic  ash  iiiined  by 30 
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CLASSIFICATION  OF  THE  PUBLICATIONS  OF  THE  UNITED  STATES  GEOLOGICAL 

SURVEY. 

[Water-supply  Paper  No.  216.] 

The  publications  of  the  United  States  Geological  8urvey  consist  of  (1)  Annual 
Reports,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
Resources,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of  United 
States — ^folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  United  States — 
folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publication;  the 
others  are  distributed  free.     A  circular  giving  complete  lists  can  be  had  on  application. 

Most  of  the  above  publications  can  be  obtained  or  consulted  in  the  following  ways: 

1.  A  limited  number-are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
can  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  A  certain  number  are  delivered  to  Senators  and  Representatives  in  Congress 
for  distribution. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  can  be  had  at  prices  slightly  above  cost. 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  can  be  con- 
salted  by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  number  issued  is  large.  They  have  therefore  been  classified 
into  the  following  series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  £,  Chemistry  and 
physics;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water  stor- 
age; K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrographic  investiga- 
tions; N,  Water  power;  O,  Underground  waters;  P,  Hydrographic  progress  reports; 
Q,  Fuels;  R,  Structural  materials.  This  paper  is  the  ninety-seventh  in  series  A,  the 
one  hundred  and  nineteenth  in  series  B,  the  twenty-sixth  in  series  M,  and  the 
seventy-second  in  series  O,  the  complete  lists  of  which  follow  (PP= Professional 
Paper;  B=Bulletin;  WS=Water-Supply  Paper). 

SERIES  A,  ECONOMIC  GEOLOGY. 

B  21.  Lignites  of  Great  Sioux  Reaervation:  Report  on  region  between  Grand  and  Moreaa  rivers, 

Dakota,  by  BaUey  WIUU.    1885.    16  pp.,  5  pis.    (Out  of  stock.) 
B  46.  Nature  and  origin  of  deposits  of  phosphate  of  lime,  by  R.  A.  F.  Penrose,  jr.,  with  introduction  by 

N.S.Sbaler.    1888.    143  pp.    (Out  of  stock.) 
B  65.  Stratigraphy  of  the  bituminous  coal  field  of  Pennsylvania,  Ohio,  and  West  Virginia,  by  I.  C. 

White.    1891.    212  pp.,  11  pis.    (Out  of  stock.) 
Bill.  Geology  of  Big  Stone  Gap  coal  field  of  Virginia  and  Kentucky,  by  M.  R.  Campbell.    1893.    106  pp., 

6  pis.    (Out  of  stock.) 
B  132.  The  disseminated  lead  ores  of  southeastern  Missouri,  by  Arthur  Winslow.    1896'.    31  pp.    (Out 

of  stock.) 
B  138.  Artesian-well  prospecte  in  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton.    1896.    228  pp.,  19  pis. 
B  139.  Geology  of  Castle  Mountehi  mining  district,  Montana,  by  W.  H.  Weed  and  t.  V.  Pirsson.    1896. 

164  pp.,  17  pis. 
B  143.  Bibliography  of  clays  and  the  ceramic  arts,  by  J .  C.  Branner.    1896.    114  pp. 
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II  8EBI£S    LIST. 

B  164.  Recoxmaiasance  on  the  Rio  Grande  coal  fields  of  Texas,  by  T.  W.  Vaughan,  Including  a  repcMt 
on  igneous  rocks  from  tlie  San  Carlos  coal  fkeld,  by  £.  C.  E.  Lord.  1900.  100  pp.,  1 1  pis.  (Out 
of  stoclc.) 

B  178.  El  Paso  tin  deposits,  by  W.  H.  Weed.    1901.    15  pp.,  1  pL 

B  180.  Occurrence  and  distribution  of  corundum  in  United  States,  by  J.  H.  Pratt.  1901.  98  pp.,  14  pla. 
(Out  of  stock;  see  No.  260.) 

B  182.  A  report  on  the  economic  geology'  of  the  Siiverton  quadrangle,  Colorado,  by  F.  L.  Ranaome. 

1901.  266  pp.,  16  pis.     (Out  of  stock.) 

B  184.  Oil  and  gas  fields  of  the  western  interior  and  northern  Texas  Coal  Measures  and  of  the  Upper 
Cretaceous  and  Tertiary  of  the  western  Gulf  coast,  by  G.  I.  Adams.  1901.  64  pp.,  10  pis.  (Out 
of  stock.) 

B  193.  The  geological  relations  and  distribution  of  platinum  and  associated  metals,  by  J.  ¥*.  Kemp. 

1902.  05  pp.,  6  pis. 

B  198.  The  Berca  grit  oil  sand  in  the  Cadis  quadrangle,  Ohio,  by  W.  T.  Griswold.    1902.    43  pp.,  1  pL 

(Out  of  stock.) 
PP  1.  Preliminary  report  on  the  Ketchikan  mining  district,  Alaska,  with  an  Introductory  sketcdi  of  the 

geology  of  southeastern  Alaska,  by  A.  H.  Brooks.    1902.    120  pp.,  2  pis. 
B  200.  Reconnaissance  of  the  borax  deposits  of  Death  Valley  and  Mohave  Desert,  by  M.  R.  Campbell. 

1902.  23  pp.,  1  pi.    (Out  of  stock.) 

B  202.  Tests  for  gold  and  silver  in  shales  from  western  Kansas,  by  Waldemar  Lindgren.    1902.     21  pp. 

(Out  of  stock.) 
PP  2.  Reconnaissance  of  the  northwestern  portion  of  Seward  Peninsula,  Alaska,  by  A.  J.  CoUier.     1902. 

70  pp.,  11  pis. 
PP  10.  Reconnaissance  from  Fort  Ilamlin  to  Kotzebue  Sound,  Alaska,  by  way  of  Dall,  Kanuti,  Alleo, 

and  Kowak  rivers,  by  W.  C.  Mendenhall.    1902.    68  pp.,  10  pis. 
PP  11.  Clays  of  the  United  States  east  of  the  Mississippi  River,  by  Heinrich  RiM.    1903.    296  pp.,  9  pis. 

(Out  of  stock.) 
PP  12.  Geology  of  the  Globe  copper  district,  Arizona,  by  F.  L.  Ransome.    1908.    168  pp.,  27  pis. 
B  212.  Oil  fields  of  the  Texas-Louisiana  Gulf  Coastal  Plain,  by  C.  W.  Hayes  and  wniiam  Kenned  j. 

1903.  174  pp.,  11  pis.    (Out  of -stock.) 

B  213.  Contributions  to  economic  geology,  1902;  S.  F.  Emmons  and  C.  W.  Hayes,  geologists  in  charge. 

1903.  449  pp.    (Out  of  stock.) 

PP  15.  The  mineral  resources  of  the  Mount  Wrangell  district,  Alaska,  by  W.  C.  Mendenhall  and  F.  C. 

Schrader.    1903.    71  pp.,  10  pis. 
B  218.  Coal  resources  of  the  Yukon,  Alaska,  by  A.  J.  Collier.    1903.    71  pp.,  6  pis. 
B  219.  The  ore  deposits  of  Tonopah,  Nevada  (preliminary  report),  by  J.  E.  Spurr.    1903.    31  pp.,  1  pL 

(Out  of  stock.) 
PP  20.  A  reconnaissance  in  northern  Alaska  in  1901,  by  F.  C.  Schrader.    1904.    139  pp.,  16  pis. 
PP  21.  Geology  and  ore  deposits  of  the  Bisbee  quadrangle,  Arizona,  by  F.  L.  Ransome.    1904.    168  pp., 

29  pis. 
B  223.  Gypsum  deposits  in  the  United  States,  by  G.  I.  Adams  and  others.    1904.    129  pp.,  21  pla.    (Out 

of  stock.) 
PP  24.  Zinc  and  lead  deposits  of  northern  Arkansas,  by  G.  I.  Adams.    1904.    118  pp.,  27  pis. 
PP  25.  Copper  deposits  of  the  Encampment  district,  Wyoming,  by  A.  C.  Spencer.    1904.    107  pp.,  2  pis. 

(Out  of  stock.) 
B  225.  Contributions  to  economic  geology,  1903,  by  S.  F.  Enunons  and  C.  W.  Hayes,  geologists  in  charge. 

1904.  527  pp.,  1  pi.     (Out  of  stock.) 

PP  26.  Economic  resources  of  the  northern  Black  Hills,  by  J.  D.  Irving,  with  contributions  by  S.  F. 

Emmons  and  T.  A.  Jaggar,  jr.    1904.    222  pp.,  20  pis. 
PP  27.  A  geological  reconnaissance  across  the  Bitterroot  Range  and  Clearwater  Mountains  In  Montana 

and  Idaho,  by  Waldemar  Lindgren.    1904.    123  pp.,  15  pis. 
B  229.  Tin  deposits  of  the  York  region,  Alaska,  by  A.  J.  Collier.    1904.    61  pp.,  7  pis. 
B  236.  The  Porcupine  placer  district,  Alaska,  by  C.W.Wright.    1904.    35  pp.,  10  pis. 
B  238.  Economic  geology  of  the  lola  quadrangle,  Kansas,  by  G.  I.  Adams,  Erasmus  Haworth,  and 

W.  R.  Crane.    1904.    83  pp.,  11  pis. 
B  243.  Cement  materials  and  hidustry  of  the  United  States,  by  E.  C.  Eckel.    1905.    395  pp.,  15  pis. 
B  246.  Zinc  and  lead  deposits  of  northwestern  Illinois,  by  11.  Foster  Bain.    1904.    56  pp.,  5  pis. 
B  247.  The  Fairhaven  gold  placers  of  Seward  Peninsula,  Alaska,  by  F.  H.  Mofl3t.    1905.    85  pp.,  14  pis. 
B  249.  Limestones  of  southeastern  Pennsylvania,  by  F.  G.  Clapp.    1905.    52  pp.,  7  pis. 
B  250.  The  petroleum  fields  of  the  Pacific  coast  of  Alaska,  with  an  account  of  the  Bering  River  coal 

deposits,  by  G.  C.  Martin.    1906.    65  pp.,  7  pis. 
B  251.  The  gold  placers  of  the  Fortyraile,  Biich  Creek,  and  Fairbanks  regions,  Alaska,  by  L.  M.  Prindle. 

1905.  89  pp.,  16  pis. 

WS  117.  The  lignite  of  North  Dakota  and  its  relation  to  irrigation,  by  F.  A.  Wilder.    1905.    59  pp..  8  pis. 
PP  36.  The  lead,  xinc,  and  fluorspar  deposits  of  western  Kentucky,  by  E.  O.  Ulrlch  and  W.  S.  T.  Smith. 
1905.    218  pp.,  15  pis. 
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SERIES    LIST.  Ill 

PP  38.  Economic  geology  of  the  Bingham  mining  district,  Utah,  by  J.  li.  Boutwell,  with  a  chapter  on 
aieal  geology,  by  Arthur  Keith,  and  an  introduction  on  general  geology,  by  S.  F.  Emmons. 
1905.    413  pp.,  49  pis. 
PP  41.  Geology  of  the  central  Copper  River  region,  Alaska,  by  W.  C.  liendenhaU.    1905.    133  pp., 

20  pis. 
B  254.  Report  of  progress  In  the  geological  resurvey  of  the  Cripple  Creek  district,  Colorado,  by  Walde- 

mar  Llndgren  and  F.  L.  Ransoms.    1904.    36  pp. 
B  255.  The  fluoxspar  deposits  of  southern  Illinois,  by  H.  Foster  Bain.    1905.    75  pp.,  6  pis.    (Out  of 

stock.) 
B  256.  Mineral  resources  of  the  Elders  Ridge  quadrangle,  Pennsylvania,  by  R.  W.  Stone.     1905. 

86  pp.,  12  pis.  / 

B  259.  Report  on  progress  of  Investigations  of  mineral  resources  of  Alaska  in  1904,  by  A.  H.  Brooks 

and  others.    1905.    196  pp.,  3  pis. 
B  2G0.  Contributions  to  economic  geology,  1904;  S.  F.  Emmons  and  C.  W.  Hayes,  geologists  in  charge. 

1905.  62D  pp.,  4  pis. 

B  261.  Preliminary  report  on  the  operations  of  the  coal-testing  plant  of  the  United  States  Geological 

Survey  at  the  Louisiana  Purchase  Exposition,  St.  Louis,  Mo.,  1904;  E.  W.  Parker,  J.  A.  Holmes, 

and  M.  R.  Campbell,  committee  iu  chaise.    1905.    1?2  pp.    (Out  of  stock.) 
B  263.  Methods  and  cost  of  gravel  and  placer  mining  in  Alaska,  by  G.  W.  Puriugton.    1906.    278  pp., 

42  pis.    (Out  of  stock.) 
PP  42.  Geology  of  the  Tonopah  mining  district,  Nevada,  by  J.  E.  Spurr.    1905.    296  pp.,  24  pis. 
PP  43.  The  copper  deposits  of  the  Clifton-Morenci  district,  Arizona,  by  Waldemar  Lindgren.    1905. 

375  pp.,  25  pis. 
B  264.  Record  of  deep-well  drilling  for  1904,  by  M.  L.  Fuller,  E.  F.  Lines,  and  A.  C.  Veatch.    1906^ 

106  pp. 
B  265.  Geology  of  the  Boulder  district,  Colorado,  by  N.  M.  Fenneman.    1905.    101  pp.,  5  pis. 
B  267.  The  copper  deposits  of  Missouri,  by  H.  Foster  Bain  and  £.  O.  Ulrich.    1905.    52  pp.,  1  pi. 
B  269.  Corundum  and  its  occurrence  and  distribution  in  the  United  States  (a  revised  and  enlai^ed 

edition  of  Bulletin  No.  180).  by  J.  H.  Prbtt.    1906.    175  pp.,  18  pis. 
PP  48.  Report  on  the  operations  of  the  coal-testing  plant  of  the  United  States  Geological  Survey  at 

the  Louisiana  Purchase  Exposition,  St.  Louis,  Mo.,  1904;  £.  W.  Parker,  J.  A.  Holmes,  M.  R. 

Campbell,  committee  in  charge.    1906.    (In  three  parts.)    1,492  pp.,  13  pK 
B275.  Slate  deposits  and  slate  industry  of  the  United  States,  by  T.  N.  Dale,  with  sections  by  £.  C. 

Eckel,  W.  F.  Hillebrand,  and  A.  T.  Coons.    1906.    154  pp.,  25  pK 
PP  49.  Geology  and  mineral  resources  of  part  of  the  Cumberland  Gap  coal  fleld.  Kentucky,  by  G.  H. 

Ashley  and  L.  C.  Glenn,  in  cooperation  with  the  State  Geological  Department  of  Kentucky, 

C.  J.  Norwood,  curator.    1906.    239  pp.,  40  pis. 
B  277.  Mineral  resources  of  Kenai  Peninsula,  Alaska:  Gold  fields  of  the  Tumagain  Arm  region,  by 

F.  H.  MofBt;  Coal  fields  of  the  Kachemak  Bay  region,  by  R.  W.  Stone.    1906.    80  pp.,  18  pis, 
B  278.  Geology  and  coal  resources  of  the  Cape  lisbume  region,  Alaska,  by  A.  J.  Collier.    1906.   54  pp., 

9  pis.    rOut  of  stock.) 
B  279.  Mineral  resources  of  the  Kittanning  and  Rural  Valley  quadrangles,  Pennsylvania,  by  Charles 

Butts.    1906.    19S  pp.,  11  pis. 
B  280.  The  Rampart  gold  placer  region,  Alaska,  by  L.  M.  Prindle  and  F.  L.  Heaa.    1906.    54  pp.,  7  pis. 

(Out  of  stock.) 
B  282.  Oil  fields  of  the  Texas-Louisiana  Gulf  Coastal  Plain,  by  N.  M.  Fenneman.    1906.    146  pp.,  11  pis. 
PP  51.  Geology  of  the  Bighorn  Mountains,  by  N.  H.  Darton.    1906.    129  pp.,  47  pis. 
B  283.  Geology  and  mineral  resources  of  MLMsls^lppl,  by  A.  F.  Crider.    1906.    99  pp.,  4  pis. 
B  284.  Report  on  progress  of  investigations  of  the  mineral  resources  of  Alaska  in  1905,  by  A.  H.  Brooks 

and  others.    1906.    169  pp.,  14  pis. 
B  285.  Contributions  to  economic  geology,  1905;  S.  F.  Emmons  and  E.  C.  Eckel,  geologists  iu  charge. 

1906.  606  pp.,  13  pis.     (Out  of  stock.) 

B  286.  Economic  geology  of  the  Beaver  quadrangle,  Pennsylvania,  by  L  H.  Woolsey.    1906.    132  pp., 

8  pis. 
B  287.  Juneau  gold  belt,  Alaska,  by  A.  G.  Spencer,  and  A  reconnaissance  of  Admiralty  Island,  Alaska, 

by  C.  W.  Wright.      1906.    161  pp.,  27  pis. 
PP  54.  The  geology  and  gold  deposits  of  the  Cripple  Creek  district,  Colorado,  by  W.  Lindgren  and 

F.  L.  Ransome.    1906.    516  pp.,  29  pis. 
PP  55.  Ore  deposits  of  the  Silver  Peak  quadrangle,  Nevada,  by  J.  E.  Spurr.    1906.    174  pp.,  24  pis. 
B  289.  A  reconnaissance  of  the  Matanuska  coal  field,  Alaska,  in  1905,  by  G.  C.  Martin.    1906.    34  pp., 

5  pis. 
B  290.  Preliminary  report  on  the  operations  of  the  fuel-testing  plant  of  the  United  States  Geological 

8ur\'ey  at  St,  Loids,  Mo.,  1905,  by  J.  A.  Holmes.    1906.    240  pp. 
B293.  Reconnaissance  of  some  gold  and  tin  deposits  of  the  southern  Appalachians,  by  L.  C.  Graton, 

with  notes  on  the  Dahlonega  mines,  by  \V.  Lindgren.    190C.    134  pp.,  9  pis. 
B  294.  Zinc  and  lead  deposits  of  the  upper  MfHsisslppi  Valley,  by  H.  Foster  Bain.    1906.    155  pp.,  16  pis. 
B295.  The  Yukon-Tanana  region,  Alaska,  description  of  Circle  quadrangle,  by  L.  M.  Prindle.    1906. 

27  pp.,  1  pi. 
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IV  SERIES    LIST. 

B  296.  Economic  geology  of  the   Independence  quadrangle,  Kanaaa,  by  Frank  C.  Schcader  and 

Erasmus  Haworth.    1906.    74  pp.,  6  pis. 
B  297.  The  Yampa  coal  fleld,  Routt  Ck>unty,  Colo.,  by  N.  M.  Penneman,  Hoyt  S.  Gale,  and  M.  R. 

Campbell.    1906.    96  pp.,  9  pU. 
B  296.  Record  of  deep-well  drillin^for  1906,  by  Myron  L.  Fuller  and  Samuel  Banford.    190S.    299  pp. 
B  800.  Economic  geology  of  tfie  Amity  quadrangle  In  eastern  Washington  County,  Pa.,  by  Frederick 
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WATER  RESOURCES  OF  BEAVER  VALLEY,  UTAH. 


By  Willis  T.  Lee. 


INTRODTJCTION. 

Location  and  extent  of  area  examined. — Beaver  Valley  is  located 
in  Beaver  County,  in  southwestern  Utah,  about  175  miles  south  of 
Salt  Lake.  It  lies  between  the  Tushar  Mountains  on  the  east  and 
the  Beaver  Mountains  on  the  west  The  principal  town  of  the  val- 
ley is  Beaver,  which  is  most  conveniently  reached  from  Milford,  a 
station  on  the  San  Pedro,  Los  Angeles  and  Salt  Lake  Railroad.  The 
valley,  together  with  its  neighboring  highlands,  occupies  the  eastern 
third  of  Beaver  County,  an  area  of  about  1,200  square  miles.  A  large 
part  of  this  area,  however,  is  rocky  upland  and  unproductive  desert, 
the  tillable  land  comprising  a  comparatively  small  area  in  the  imme- 
diate vicinity  of  the  streams. 

Purpose  and  scope  of  work. — ^The  purpose  of  this  paper  is  to  pre- 
sent information  concerning  the  waters  of  Beaver  Valley  and  to 
point  out  ways  and  means  of  increasing  their  usefulness. 

The  presence  of  a  large  amount  of  water  in  Beaver  Valley  results 
from  local  topograhic  conditions,  the  water  being  supplied  by  precipi- 
tation in  the  highland  to  the  east.  Its  conservation  and  distribution 
resylt  from  geologic  conditions,  the  water  being  held  in  loose  gravel 
and  sand,  which  are  more  or  less  confined  between  ridges  of  consoli- 
dated rocks.  The  rock  basins  were  formed  partly  by  erosion  and 
partly  by  faulting  and  surface  deformation.  In  order  to  accomplish 
the  purpose  in  view  it  is  therefore  necessary  to  describe  the  geo- 
graphic and  geologic  conditions  in  Beaver  Valley  and  neighboring 
regions. 

The  investigation  included  the  determination  of  the  flow  of  streams 
and  springs,  of  the  manner  of  occurrence  and  quantity  of  the  under- 
ground waters  as  shown  by  the  geologic  and  geographic  conditions  of 
the  region  and  by  the  distribution  of  springs  and  wells,  and  of  the 
chemical  character  of  the  waters  with  reference  to  their  adaptability 
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to  domestic  use  and  to  irrigation.  The  chemical  data  were  obtained 
(a)  by  field  assays,  which  are  approximately  correct  and  probably  of 
sufficient  accuracy  to  be  of  value  in  comparing  the  various  waters: 
(6)  by  more  exact  analyses,  some  of  which  were  made  in  the  labor- 
atory of  the  United  States  Geological  Survey  by  W.  M.  Barr,  and 
others  by  Herman  Harms,  State  chemist  of  Utah,  for  the  San  Pedro, 
Los  Angeles  and  Salt  Lake  Railroad;  and  (c)  by  sanitary  analyses, 
made  also  by  Herman  Harms. 

Cooperation. — ^The  work  was  done  during  the  summer  of  1906,  the 
United  States  Geological  Survey  cooperating  with  the  Stkte  of  Utah 
through  Caleb  Tanner,  State  engineer,  and  with  the  county  of  Beaver 
through  the  supervisors  of  the  county.  In  collecting  the  information 
the  writer  was  assisted  by  J.  F.  Hoyt,  of  Nephi,  Utah. 

GEOGRAPHY. 

Southwestern  Utah  is  divided  into  two  general  provinces — the 
plateau  province  and  the  basin  province.  These  are  separated  sharply 
by  a  succession  of  high  cliffs  extending  in  a  northeasterly  direction 
from  St.  George  through  Beaver  and  northward.  At  the  foot  of  these 
cliffs  are  located  the  principal  towns  of  the  southwestern  part  of  the 
State — for  example,  St.  George,  Toquerville,  Kanarraville,  Cedar 
City,  Parowan,  Beaver,  and  Fillmore.  To  the  east  of  the  cliffs  lie  the 
High  Plateaus  of  Utah,  well  known  through  the  writings  of  Button, 
Powell,  Gilbert,  and  others;  and  to  the  west  of  them  lie  the  barren 
deserts  of  the  Great  Basin. 

PLATEAU  PROVINCE. 

The  High  Plateaus  lie  at  an  elevation  several  thousand  feet  above 
the  Great  Basin,  and  isolated  mountains  of  volcanic  origin  rise  to 
altitudes  considerably  greater  than  that  of  the  general  surface  of  the 
plateaus,  the  highest  in  the  vicinity  of  Beaver  being  Delano  Peak, 
which  has  an  altitude  of  12,240  feet.  These  plateaus  and  mountains 
are  of  the  greatest  importance  in  considering  the  water  supply,  since 
owing  to  their  altitude  the  rainfall  is  greater  there  than  in  the  basin 
region  to  the  west.  The  streams  which  yield  the  water  supply  of 
southwestern  Utah  all  rise  in  the  highlands  of  the  plateaus. 

BASIN  PROVINCE. 
DESERTS. 

The  Great  Basin  consists  of  broad  sandy  deserts,  from  the  surface 
of  which  rise  more  or  less  isolated  groups  of  rock  mountains.  The 
Great  Basin  has  been  described  by  Gilbert**  and  others,  who  show 

«  Gilljert,  G.  K.,  Lake  Bonneyllle :  Mon.  U.  S.  Geol.  Survey,  vol.  1.  1890. 
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that  the  lowest  parts  were  formerly  occupied  by  a  lake  known  as 
Lake  Bonneville,  an  outline  of  which  is  shown  on  the  accompanying 
map  (fig.  1).  Sands,  gravels,  and  days  were  deposited  in  this  lake 
to  a  great  though  unknown  depth,  filling  the  low  places  generally 
and  transforming  into  nearly  level  plains  large  areas  which  may  pre- 


Fio.  1. — Map  of  Utah,  showing  locatioii  of  Beaver  Valley  and  outline  of  Lake  Bonne- 
Tille.     (After  G.  K.  Gilbert,  Mon.  U.  S.  Geol.  Survey,  yoI.1,  181)0.) 

viously  have  had  very  uneven  surfaces.  The  Escalante  Desert,  a 
part  of  which  lies  within  the  region  described  in  this  paper,  repre- 
sents the  southernmost  extension  of  Lake  Bonneville,  called  by  Gilbert 
Escalante  Bay.  A  comparatively  narrow  strait,  here  about  6  miles 
wide,  connected  Escalante  Bay  with  the  main  body  of  Lake  Bonne- 
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ville  to  the  north.  The  bed  of  the  old  lake  is  now  represented  by  the 
level  bottom  lands  of  the  desert.  Rock  mountains  rise  abruptly  fnMn 
the  plains,  and  material  from  the  mountains,  borne  out  by  the  streams 
and  deposited  as  alluvial  slopes  and  cones,  from  the  gentle  outwash 
slopes,  characteristic  of  the  desert  region. 

ISOLATED  RASINS. 

Between  the  High  Plateaus  and  the  Escalante  Desert  there  are  sev- 
eral comparatively  small  basins,  some  at  an  elevation  but  little 
greater  than  that  of  the  Escalante  Desert,  as  Rush  Lake  Valley; 
others  several  hundred  feet  higher,  as  Parowan  Valley,  which  is  sep- 
arated from  the  main  desert  by  highlands  except  where  they  are  cut 
by  a  narrow  canyon  through  which  the  valley  was  formerly  drained, 
but  which  is  now  dry;  and  Beaver  Basin,  1,000  feet  or  more  above 
the  floor  of  the  Escalante  Desert,  with  which  it  is  connected  by  a 
canyon  at  Minersville,  carved  by  Beaver  River  through  the  Mineral 
Mountains. 

These  basins,  as  described  in  detail  in  the  case  of  Beaver  Basin^ 
are  partly  filled  with  sediments  similar  to  those  of  Lake  Bonneville, 
from  which  it  might  be  inferred  that  they  were  formerly  small  em- 
bayments  of  the  lake  that  were  later  elevated  to  their  present  position 
by  crustal  movements.  This  inference  finds  some  confirmation  in  re- 
cent earthquake  disturbances  that  are  known  to  have  occurred  in  this 
region,  and  in  the  fact  that  the  basins  lie  in  a  zone  of  profound  fault- 
ing, which  has  been  subject  to  the  differential  movements  that  have 
resulted  in  the  great  differences  of  elevation  between  the  High  Pla- 
teaus and  the  Great  Basin.  It  seems  more  probable,  however,  that 
these  basins  formerly  contained  isolated  lakes  that  were  tributary  to 
Lake  Bonneville  and  lay  at  altitudes  somewhere  greater  than  the  main 
lake,  much  as  Utah  Lake  is  tributary  to  Great  Salt  Lake  at  the  pres- 
ent time.  Beaver  Basin,  the  only  one  of  these  small  basins  within 
the  area  described,  will  be  referred  to  frequently,  and  for  convenience 
the  deposits  filling  it  may  be  called  the  Beaver  Lake  beds  and  the 
body  of  water  in  which  they  were  laid  down  may  be  called  Beaver 
Lake. 

RESIDUAL  LAKES. 

In  certain  places  where  the  water  supply  is  sufficient  the  lower 
portions  of  the  old  lake  bed  still  contain  small  salt  lakCvS,  such  as 
Sevier  Lake,  Little  Salt  Lake  in  Parowan  Valley,  and  Blue  Lake 
near  Deseret.  In  other  places  water  gathers  in  the  depressions  during 
wet  weather  and  forms  mud  flats,  one  of  which,  known  as  Beaver 
Bottoms,  is  within  the  area  here  described.  Many  parts  of  the 
Escalante  Desert  are  «o  nearly  level  that  rain  water  accumulates  at 
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ihe  surface  and  stands  practically  motionless  until  absorbed  into  the 
ground,  and  during  wet  weather  much  of  the  desert  becomes  an  im- 
passable bog. 

DRAINAGE. 

The  drainage  with  which  this  paper  is  concerned  is  entirely  that  of 
Beaver  River  and  its  tributaries.  All  the  permanent  streams  entering 
the  valley  rise  in  the  Tushar  Mountains  to  the  east,  and  the  trunk 
stream  of  the  system  supplies  the  greater  part  of  the  water,  since  it 
has  its  origin  in  the  highest  part  of  the  range  among  such  lofty  peaks 
as  Delano  (altitude  12,240  feet),  Baldy  (altitude  11,730  feet),  and 
Belknap  (altitude  12,200  feet).  The  main  tributaries  are  South 
Creek,  Burch  Creek,  North  Creek,  Indian  Creek,  and  Wildcat  Creek, 
all  of  which  rise  in  the  Tushar  Mountains  and  join  the  river  within 
Beaver  Basin.  There  are  no  other  tributaries  having  perennial  flows, 
and  after  leaving  Beaver  Basin  the  river  rapidly  decreases  in  volume 
until  at  Milford  it  also  becomes  intermittent.  Still  farther  to  the 
north  the  trunk  channel  subdivides  into  the  distributary  channels 
of  Beaver  Bottoms.  The  river  is  nominally  a  part  of  the  Sevier  Lake 
drainage,  but  according  to  report  it  is  only  occasionally  that  a  flood 
has  sufficient  volume  to  find  its  way  into  the  lake. 

The  greater  part  of  the  water  passing  Minersville  finds  its  way 
quickly  into  the  sands  and  gravels  of  the  Lake  Bonneville  beds.  The 
sediments  swept  from  the  canyon  are  deposited  upon  the  plain  to  the 
west  of  Minersville,  forming  a  delta  fan.  The  fan  is  so  nearly  flat 
and  its  surface  is  so  regular,  as  compared  with  the  outwash  slopes  of 
the  mountains  near  by,  that  the  delta  character  is  inconspicuous.  Its 
presence  is  made  clear,  however,  by  the  distribution  of  the  streams. 
Beaver  River  at  the  present  time  follows  the  northern  edge  of  the 
delta,  but  the  water  diverted  from  the  river  at  Minersville  for  the 
irrigation  of  the  fields  southwest  of  the  town  finds  its  way  westward 
near  the  southern  edge  of  the  delta,  gradually  turning  to  the  north 
and  finally  entering  the  river  again  about  2  miles  south  of  Milford. 
The  low  ground  obviously  marks  an  abandoned  course  of  Beaver 
River,  and  it  would  apparently  require  little  effort,  perhaps  nothing 
more  than  a  clogging  of  the  present  channel  with  debris  during  some 
flood,  to  turn  it  back  into  the  old  course. 

GEOIiOGY. 

FORMATIONS. 

GRANITE. 

The  oldest  rocks  exposed  at  the  surface  in  the  Beaver  region  are 
supposed  to  be  the  granites  of  the  Mineral  Mountains.  They  underlie 
and  are  apparently  older  than  the  Paleozoic  sediments.    They  have 
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been  subjected  to  comparatively  recent  movements,  as  is  made  evident 
by  the  occurrence  of  faults  and  zones  of  crushing  and  shearing  and 
by  the  presence  of  hot  springs  in  the  shear  zones.  It  is  possible,  how- 
ever, that  the  granites,  instead  of  being  pre-Paleozoic  in  age,  are  due 
to  comparatively  recent  intrusions.  The  region  is  one  in  which  great 
crustal  disturbances  have  taken  place,  as  is  indicated  by  the  faulted 
and  tilted  sediments  described  on  page  14  and  by  the  great  masses  of 
extrusive  rock  found  in  the  Tushar  Mountains  and  elsewhere.  The 
volcanic  disturbances  have  occurred  repeatedly,  as  shown  by  the  alter- 
nation of  early  Tertiary  lavas  and  sediments  and  the  occurrence  of 
basalt  included  within  the  Quaternary  gravels  and  resting  upon  them 
in  the  form  of  sheets  and  volcanic  cones. 

Section  of  rocks  exposed  in  Beaver  Canyon  ^  miles  east  of  MinersrUle, 

1.  Basalt,  several  hundred  feet 

2.  Rhyolitic  flows,  tuffs  and  breccia,  many  hundred  feet. 

3.  Andesitlc  flows,  tuffs  and  breccia,  several  hundred  feet.  Fe^t, 

4.  Uncemented  gravel  and  bowlders  of  limestone,  quartzite,  and  andeslte—  250 

5.  Coarse   consolidated   conglomerate  consisting  of  limestone,   quartzite, 

and   various   crystalline   rocks,    the   bowlders   having   a    maximum 

diameter  of  5  feet 00 

Unconformity, 

a  Red    shale GO 

7.  Earthy-gray    limestone 15 

8.  Red    shale , 10 

9.  Gray    limestone 10 

10.  Red  shale  and  ripple-marked  sandstones 40 

11.  Blue    limestone 10 

12.  Red  shale  and  ripple-marked  sandstones 120 

13.  Limestone  containing  Aviculipecten  weberensis,  Aviculipecten  aff.  occi^ 

dentalis,  Myalina  aff.  perattenuata,  BaketceUia  n.  sp.,  Pleurophorvs 

sp.j  Bchizodus  sp 15 

14.  Shale 40 

15.  Limestone  containing  same  fossils  as  No.  13 15 

16.  Buff  shale  with  a  subordinate  amount  of  limestone 05 

17.  Shale  and  limestone  containing  Aviculipecten  n,  sp.,  PleurotomariaT 

sp.,  Bakewellia-  n.  sp.,  Naticopsis  sp.,  Xenodiscusf  sp.,  undetermined 
ammonoids _. 100 

18.  Red   shale :i5 

10.  Yellowish  brown  shales  alternating  with  ripple-marked  sandstones 40 

20.  Quartzitic  basal  conglomorate 10 

I^nconformlty. 

21.  Cherty  limestone  contain\nf;Zaphrentisf  sp.,  Fistulipora  sp.,  Septopora 

sp.,  Productus  aff.  subhorridus,  Meekellaf  sp.,  Spirifer  aff.  cameratttB^ 
Squamularia  aff.  perplexa,  Spiriferind  aff.  kentuckyensis,  Spiriferina 
sp.,  Composita  aff.  subtilita,  Hustedia  aff.  meekana,  Pugnaw  aff. 
osagensis 450 

22.  Yellowish   quartzite - 200 

23.  Cherty    limestone    containing    Squamulariaf    sp.    and    HiMtedia    aff. 

mcekana    500 

Base  not  exposed  where  section  was  measured. 
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PALEOZOIC   SEDIMENTS. 

A  thick  series  of  massive  limestones  overlies  the  granite  and  is  well 
exposed  in  the  Mineral  Mountains  north  ot  Minersville.  These  lime- 
stones are  overlain  in  turn  by  red  sandstones,  shale,  and  volcanic 
products,  as  shown  in  the  section  on  the  preceding  page. 

The  massive  cherty  limestone  at  the  base  of  the  section  is  referred 
with  little  doubt  to  the  Aubrey.  The  fossils  were  examined  by 
George  H.  Girty,  of  the  United  States  Geological  Survey,  who  states 
that  they  probably  belong  in  the  Aubrey  fauna,  although  many 
of  the  most  characteristic  forms  of  that  fauna  are  wanting.  The 
stratigraphic  position  and  general  field  relations  of  the  limestone 
show  that  it  is  probably  the  same  as  the  typical  Aubrey  limestone  of 
the  Grand  Canyon  region  farther  to  the  south. 

The  red  sediments  overlying  the  cherty  limestone  yielded  a  number 
of  well-preserved  fossils  which  also  have  been  examined  by  Doctor 
Girty,  who  states  that  the  fauna  is  the  same  as  that  of  the  Permian 
beds  of  Walcott's  ^  Grand  Canyon  section  and  of  the  "  Permo-Car- 
boniferous  "  of  the  Wasatch  Mountains. 

In  Colob  Plateau,  about  50  miles  south  of  Beaver,  a  thickness  of 
more  than  8,000  feet  of  strata  was  measured  between  the  base  of  the 
Permian  and  the  top  of  the  Benton.  Of  this  great  thickness  only 
565  feet  of  the  base  of  the  Permian  remain  in  Beaver  Canyon,  the 
upper  beds  having  been  eroded  away.  The  red  beds  are  overlain  by 
a  coarse  conglpmerate,  presumably  equivalent  in  age  to  the  Eocene 
conglomerates  of  the  plateaus,  and  these  are  covered  in  turn  by  ex- 
tensive masses  of  volcanic  rock. 

EFFUSIVE   ROCKS. 

The  oldest  of  the  lavas  covering  the  red  beds  and  the  overlying 
conglomerate  are  dark-colored  andesites.  These  are  most  conve- 
niently seen  in  the  Beaver  region  in  the  canyon  east  of  Minersville. 
They  consist  of  flow  sheets,  tuffs,  and  volcanic  breccias  and  occur  also 
as  bowlders  in  the  underlying  conglomerate. 

Above  the  andesites  are  extensive  masses  of  light-pink  to  white 
rhyolite.  These  are  especially  large  in  the  Tushar  Mountains,  where 
they  occur  as  flow  sheets,  tuffs,  and  breccias,  constituting  a  large  part 
of  the  range.  The  rhyolites  are  best  known  locally  as  the  soft  pink 
rock  found  near  the  mouth  of  Beaver  Canyon  and  elsewhere,  that  is 
used  for  building  purposes.  It  is  a  fine-grained,  consolidated  rhyo- 
litic  tuff  which,  on  account  of  its  softness,  is   easily   quarried   and 

«  Waicott,  C.  D.,  The  Permian  and  other  Paleozoic  groups  of  the  Kanab  Valley,  Ari- 
zona :  Am.  Jour.  Sci.,  3d  ser.,  vol.  20,  1880,  pp.  221,  225. 
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dressed,  but  which  is  resistant  enough  to  make  a  good  building  stone. 
In  many  places  masses  of  this  tuflf  are  not  well  consolidated  and 
resemble  beds  of  light-colored  sand  and  clay. 

After  some,  at  least,  and  probably  after  all  of  the  rhyolites  of  this 
region  had  been  extruded  they  were  extensively  eroded,  as  shown  by 
the  occurrence  of  beds  of  conglomerate  made  up  largely  of  pebbles 
and  bowlders  of  rhyolite.  These  conglomerates  of  rhyolite  occur  in 
Beaver  Canyon  at  Minersvilie,  in  Bakers  Canyon,  5  miles  east  of 
Beaver,  and  elsewhere.  At  Minersvilie  they  are  well  stratified,  but 
consist  mainly  of  angular  fragments  of  rhyolite.  In  Bakers  Can- 
yon they  are  several  hundred  feet  thick  and  made  up  of  well-rounded 
pebbles  and  bowlders  of  many  kinds  of  rock,  the  largest  bowlders  con- 
sisting of  rhyolite. 

Basalt  overlies  the  rhyolitic  rocks  and  rests  in  some  places  upon 
the  conglomerates  and  in  others  upon  the  tuflps  and  breccias.  The 
basalt  is  the  black  rock  used  to  a  considerable  extent  as  a  building 
stone  in  Beaver  Valley.  It  occurs  in  sheets  near  the  mouth  of  Beaver 
Canyon,  in  the  canyon  east  of  Minersvilie,  in  Black  Mountain  north 
of  Beaver,  and  elsewhere.  It  also  forms  the  volcanic  cones,  one  of 
which  is  located  13  miles  north  of  Beaver  and  another  20  miles  north 
of  Beaver  near  the  Cove  Creek  sulphur  beds. 

YOUNGER   SEDIMENTS. 

The  sediments  to  the  west  and  north  of  Minersvilie,  the  only 
part  of  the  Escalante  Desert  within  the  region  here  described,  con- 
stitute a  part  of  the  Lake  Bonneville  beds.  The  Escalante  Desert, 
an  outline  of  which  is  shown  in  fig.  1  (p.  7),  has  a  general  ele- 
vation greater  than  that  of  the  main  part  of  the  old  lake  basin 
and  was  included  in  the  lake  as  Escalante  Bay,  at  least  during 
the  closing  stages  of  sedimentation,  only  during  the  maximum  ex- 
tension of  the  lake,  as  shown  in  Gilbert's  map,  PL  XIII  of  the  Bon- 
neville monograph.  For  this  reason  the  shore  lines,  so  conspicuous 
along  the  mountain  sides  in  the  vicinity  of  Salt  Lake,  are  practically 
absent  in  the  vicinity  of  Milford,  the  altitude  of  the  more  conspicu- 
ous ones  near  Salt  Lake  being  less  than  that  of  the  surface  of  the  Es- 
calante Desert.  For  the  same  reason  the  wave-built  terraces  are  not 
so  conspicuous  as  they  are  in  other  places,  although  they  occur  as  low 
sand  and  gravel  benches  at  a  greater  or  less  distance  from  the  hills 
and  in  many  places  near  the  center  of  the  desert. 

The  lack  of  vertical  exposures  of  any  considerable  thickness  ren- 
ders impossible  a  detailed  description  of  the  sediments  except  those 
near  the  surface.  Such  well  records  as  are  available,  however,  show 
that  the  beds  consist  principally  of  clay  and  fine  sand  with  a  subor- 
dinate amount  of  gravel.    The  wells  at  Thermo  and  Milford,  the 
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drillers'  records  of  which  are  given,  on  pages  29, 32,  are  within  the  area 
described  and  give  the  most  exact  information  available  regarding 
the  character  of  the  Lake  Bonneville  beds  in  Beaver  County. 

The  maximum  thickness  of  these  beds  is  not  known.  The  only 
well  that  penetrates  through  them  is  located  at  Neels,  and  shows  a 
thickness  of  sediment  of  nearly  2,000  feet.  It  is  possible  that  the 
lower  parts  of  these  sediments  may  be  of  pre-BonnevUle  age,  but  there 
is  no  indication  in  the  driller's  record  (given  on  p.  33)  that  they  do 
not  all  belong  to  the  Lake  Bonneville  beds.  It  is  noteworthy  also 
that  Neels  is  located  in  a  narrow  strait  of  Lake  Bonneville,  and  it  is 
altogether  probable  that  in  the  broader  parts  of  the  basin  the  sedi- 
ments may  be  much  thicker. 

The  sediments  of  Beaver  Basin  consist  of  unconsolidated  clay,  sand, 
and  gravel  in  alternating  layers,  as  shown  in  detail  in  the  well  records 
(pp.  23-26).  Their  character  and  distribution,  as  well  as  their  simi- 
larity to  the  Lake  Bonneville  beds,  seems  co  warrant  the  inference 
that  they  are  lake  deposits.  A  thickness  of  several  hundred  feet  is 
exposed  in  the  mesas  near  Beaver,  and  an  additional  thickness  of 
nearly  500  feet  is  shown  by  the  wells,  but  the  total  depth  of  the  sedi- 
ments within  Beaver  Basin  is  not  known. 

The  Beaver  Lake  beds  are  similar  to  the  Lake  Bonneville  beds  in 
general  character,  degree  of  consolidation,  and  association  with  flows 
of  basalt.  For  these  reasons  the  Beaver  Lake  beds  are  believed  to  be 
of  the  same  age  as  the  Lake  Bonneville  beds,  although  they  lie  at  an 
elevation  1,000  feet  or  more  above  the  Lake  Bonneville  sediments  of 
the  Escalante  Desert.  This  difference  in  elevation,  as  previously  sug- 
gested, may  be  due  to  recent  elevation,  but  is  more  probably  to  be 
accounted  for  as  the  result  of  deposition  in  a  lake  tributary  to  Lake 
Bonneville  and  lying  at  a  greater  elevation. 

STRUCTURE. 

The  geologic  structure  in  the  Beaver  region  is  somewhat  difficult 
to  make  out  owing  to  the  occurrence  of  the  great  quantities  of  eruptive 
rock  and  to  the  recent  accumulation  of  sediments— the  Beaver  Lake 
and  the  Lake  Bonneville  beds — ^which  cover  or  obscure  the  faults. 
Farther  south,  however,  the  older  sedimentary  rocks  are  better  ex- 
posed and  their  structural  relations  are  plainly  discernible.  • 

Along  the  western  border  of  the  High  Plateaus  of  Utah,  between 
Beaver  and  St.  Greorge,  several  basins  have  been  formed  apparently 
by  faulting  and  the  displacement  of  large  crust  blocks.  Rush  Lake 
Valley  (ot  Cedar  Valley,  as  it  is  sometimes  called)  and  Parowan  Val- 
ley are  perhaps  the  most  conspicuous  of  these  basins.  The  strata  of 
the  plateaus  to  the  east  lie  essentially  horizontal,  except  where  faulted 
blocks  have  been  displaced,  but  the  same  formations  to  the  west  of 
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the  cliffs  that  form  the  western  margin  of  the  plateaus  dip  eastward 
beneath  the  basins.  In  order  to  avoid  possible  misunderstanding^  it 
should  be  noted  in  this  connection  that  the  hills  west  of  Parowan. 
mapped  by  Button  »  as  trachyte  and  rhyolite,  were  found  to  consi?it 
mainly  of  sandstones  and  conglomerates  similar  to  those  of  the 
plateau  east  of  Parowan,  which,  as  stated  by  the  same  author,  are 
sediments  of  Cretaceous  and  Tertiary  age. 

The  fault  at  which  the  great  displacements  occurred  to  form  these 
basins  is  known  as  the  Hurricane  fault,  and  the  northward  exten- 
sion of  the  Hurricane  ledge  of  the  plateau  region  of  southern  Utah 
forms  the  western  margin  of  the  plateaus  in  Cedar  and  Parowan 
valleys.  The  Hurricane  fault,  or  the  zone  of  faulting  in  which  it 
occurs,  is  traceable  from  the  Grand  Canyon  northward  to  the  lava 
fields  between  Parowan  and  Beaver  valleys,  where  it  could  not  be 
followed  through  the  effusive  rocks.  But  a  number  of  facts  indicate 
that  Beaver  Basin,  like  Parowan  Valley,  was  formed  by  faulting  and 
crust -block  tilting.     Among  these  facts  are  the  following: 


■o  miles 


Fio.  2. — East-woRt  Boction  through  Beaver,  showing  structure  of  Beaver  Basin  and  rela- 
tion of  Beaver  r^akc  bods  to  Lake  Bonneville  beds.  1,  Volcanic  breccia  (Tertiary)  ; 
2,  Aubrey  limestone  (Carboniferous)  ;  3,  red  sandstone  and  shale  (Permian)  ;  4,  andes- 
ite  and  rhyolite. 

The  sedimentary  formations  of  the  plateau  region  occur  in  the 
Tushar  Mountains  beneath  the  igneous  rocks.  They  are  exposed, 
according  to  Dutton,^  in  the  eastern  flanks  of  these  mountains  and  are 
said  to  occur  also  m  the  western  flanks  in  small  detached  blocks,  one 
of  which,  at  least,  is  limestone  from  which  lime  is  obtained  for  local 
uses.  The  writer  did  not  see  these  sediments,  but  in  the  Mineral 
Mountains  the  Paleozoic  formations,  a  section  of  which  is  given  on 
page  10,  were  observed  dipping  steeply  to  the  east  and  passing  under- 
neath lavas  identical  in  kind  and  constitution  with  those  of  Tushar 
Mountains.  These  in  turn  are  finally  buried  by  the  sands  and  gravels 
of  the  Beaver  Lake  beds.  The  sedimentary  rocks  terminate  abruptly 
at  the  west  against  the  breccias  composed  of  volcanic  rock  which  have 
been  described  as  younger  than  the  rhyolites.  This  is  evidently  due 
to  the  presence  of  a  fault  along  the  western  face  of  the  Mineral  Moun- 
tains. The  probable  structural  relations  are  shown  in  the  sketch 
section,  fig.  2. 

•  Dutton,  C.  E.,  Tertiary  history  of  the  Grand  Canyon  district :  Mon.  IT.  S.  Geo!.  Sur- 
vey, vol.  2,  1882,  atlas  sheet  No.  21. 

»I>utton,  C.  E.,  Geology  of  the  High  Plateaus  of  Utah,  1880,  atlas  sheet  No.  0,  sec. 
No.  4. 
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Further  evidence  that  Beaver  Basin  is  in  a  zone  of  faulting  is 
found  in  the  prevalence  of  earthquakes.  A  number  of  severe  shocks 
have  occurred  within  recent  years,  the  zone  of  greatest  disturbance 
following  in  general  the  fault  zone  at  the  edge  of  the  plateau.  In 
this  same  zone  also  occur  the  volcanic  cones  north  of  Beaver,  the  beds 
of  sulphur  at  Sulphurdale  that  have  been  described  by  the  writer  *» 
as  being  still  in  process  of  accumulation,  and  numerous  large  springs, 
some  of  which  yield  waters  that  are  hot  and  highly  mineralized. 

WATER  8UPPI-Y. 

PRECIPITATION. 

Few  rainfall  records  suflSciently  complete  to  be  of  great  use  are 
available  from  southern  Utah.  Those  that  are  close  enough  to  the 
region  here  described  to  indicate  the  precipitation  in  this  region  are 
given  below.  From  these  records,  representing  11  stations,  it  ap- 
pears that  the  average  rainfall,  computed  from  the  78  complete  yearly 
records  only,  is  10.81  inches. 

Table  1. — Records  of  precipitation  at  stations  in  southwestern  Utah. 

BEAVEB.    (ALTITUDE.  5.070  FEET.) 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

0.88 

.51 

1.36 

1.20 

"i'io" 

.47 

Aug. 

1.93 

.44 

1.25 

"i^is" 

.95 
2.04 

Sept. 

Oct. 

Nov. 

Dec. 

Total. 

1889 - 

18P0. 

1891- 4 

1892 

1893                     -  - 

'I'm 

.41 

.81 
.46 

1.10 

1.17 

"ilS' 

1.09 

"o'S" 

.83 
1.17 
1.45 

'I'm 

'i'eo 

1.00 
1.12 
2.04 

'iris' 

1.62 

1.20 
.12 
.61 

"so" 

'2.49 
1.86 

0.86 

Tr. 

1.14 

.10 

.00 

"Too' 

0.40 
1.22 
1.24 

'~38' 

2.07 
1.27 

1.62 
.17 
Tt. 

"~67" 
.30 

0.14 
.27 
.00 

"Too" 

.85 
.85 

8.79 

.50 

1.50 

1.75 

"'lio' 

.20 

10.10 

1904« 

1905 

1908- 

"li'n 

•Ten  years'  record  wantlnir. 
BLAOKBOOK.     (ALTITUDE.  4,872  FEET.) 


1901 - 

1902 

1903 

0.40 
.26 

l.U 

4.10 
.48 

1.50 

1.48 
.20 
1.80 
1.00 
2.26 

0.34 
1.15 
2.00 
.98 
1.74 

!.» 
.16 

2.69 
.26 

1.28 

8.31 

0.78 
.23 
1.72 
1.64 
1.52 
.91 

0.94 
Tr. 
.88 
.04 
Tr. 
.12 

0.15 
.40 
.41 
.05 
.65 

1.02 
.19 

1.75 
.56 
.75 

1.12 

0.00 

.84 

.08 

.30 

2.57 

2.33 

0.56 
.58 
.96 

.65 
.88 
.03 

Tr. 

1.97 
.10 
.00 

"2"ii" 

0.70 
.45 
.18 
.55 

"~97~ 

7.61 

6.38 

18.86 

1904 _ 

1906 - 

1906 ~ 

6.39 

DE8EEET.    (ALTITUDE 

,  4.641  FEET.) 

1891 

1 

0.64 

.68 

0.62 
.06 

0.05 
1.12 

0.00 
.10 

0.21 

.86 

1892 - 

0.53 

1.80 

1.84 

0.71 

1.81     0.14 

0.42 

9.47 

1893 

.54 

.61 

1.85 

1.40 

.67  ,     .00 

.21 

.91 

.46 

.05 

.14 

.82 

7.66 

1894 

.85 

1.36 

.63 

.64 

.48     1.29 

.25 

.23 

1.67 

.89 

.00 

.88 

8.01 

1895— 

.40 

.53 

.63 

.84 

Tr. 

Tr. 

Tr. 

.80 

.45 

.84 

.38 

1806 

.82 



.29 

.47 

* 

TrV 

"1^23' 

""34" 

'^.m 

1889-    

1900 

.36 

.05 

Tr. 

2.85 

.10 

.03 

Tr. 

Tr. 

1.12 

.39 

.48 

.00 

5.. 38 

1901 

.10 

1.67 

.80 

1.02 

1.90 

.62 

.08 

1.64 

.08 

.50 

.04 

.76 

9.01 

1902...;- 

.48 

.30 

.82 

.86 

.32 

Tt. 

.06 

.04 

.40 

.20 

1.65 

.20 

4.85 

1908 

1904 

.94 
.15 

1.80 
.97 

.40 
1.55 

.90 
.18 

1.58 
2.13 

.40 
.60 

Tr. 
Tr. 

.08 
.20 

.67 
.32 

.72 
.32 

I'r. 
.00 

.05 

.77 

6.99 
7.14 

1906 

.42 

1.25 

1.06 

1.86 

1.35 

.00 

.00 

1.15 

1.79 

•I'r. 

1.25 

.13 

9.76 

1006. 

JUL 

.41 

2.10 

1.68 

1.06       .19 



.63 

.95 

Tr. 

1.38 

.94 

11.77 

•  Bull.  U.  S.  Geol.  Survey  No.  315,  1907,  pp.  485-489. 
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Table  l.^Record^  of  precipitation  at  stations  in  southwestern  Utahr—CoathmeA. 

FILLMORE.     (ALTITUDE,  5^00  FEET.) 


Year. 

Jan. 

¥A. 

Mar. 

Apr. 

May. 

June. 

July. 

Aiw. 

Sept. 

Oct. 
1.07 

Nov. 

Dec. 

TotaL 

1882- 

2.11 

2.08 

0.82 

0.29 

0.47 

0.05 

0.58 

1.20 

ISOL 

0.81 

1.51 

i.w 

2.00 

1.58 

.00 

.48 

1.71 

1.21 

.46 

1.11 

1.79 

IS.S8 

18M 

.70 

.50 

1.04 

2.48 

.64 

2.04 

.34 

1.19 

1.94 

.41 

.81 

1.77 

13-r 

1866 -. 

1.98 

2.15 

2.08 

1.23 

1.51 

.80 

.56 

,97 

1.86 

.93 

1.40 

1.10 

IS* 

18WJ 

.75 

.18 

.94 

1.47 

1.08 

M 

2.86 

1.09 

.85 

.37 

1.17 

.38 

11. le 

1897 - 

2.15 

2.17 

2.80 

1.26 

.08 

.26 

.19 

.31 

1.50 

S.59 

1.15 

1.55 

IT.W 

1898 

.15 

1.20 

8.07 

.50 

4.44 

.98 

.99 

.06 

lY. 

.80 

1.27 

.76 

14.» 

18» 

.50 

1.40 

6.00 

1.45 

.85 

.98 

.01 

.28 

.00 

1.94 

1.08 

1.03 

14.4A 

1900 - 

1.25 

.45 

.15 

S.IS 

.85 

.80 

Tr. 

.14 

1.58 

.03 

.06 

.03 

9.S 

1901.... 

.35  ,  2.00 

1.54 

2.86 

1.92 

.57 

.41 

.90 

.00 

.72 

.15 

1.97 

U.si 

1902 

1.03  ,  1.03 

2.50 

.36 

.00 

.09 

.49 

.16 

1.51 

.58 

2.70 

.46 

ll.W 

1908 

1.44 

1.96. 

1.19 

2.86 

2.27 

.04 

.27 

.88 

1.00 

1.06 

.00 

.40 

11 .5C 

1904 

1.89 

1.90 

2.16 

.26 

2.81 

.25 

.07 

1.18 

.10 

.62 

.00 

.95 

12.14 

1905 

.90 

2.48 

2.86 

1.63 

2.45 

Tr. 

.68 

.62 

2.81 

.51 

1.13 

.54 

le.i'! 

1906, 

.72 

1.16 

8.88 

4.38 

2.18 

.40 

1.27 

i.ao 

2.88 

.15 

2.98 

.63 

21 .2S 

FRISCO.    (Altitude.  6.250  feet.) 

1897 

0.44 

T?. 

0.20 

0.11 

0.16  ,  0.19 

1.21 

1.50 

0.45 

1.00 

18fi8 

0.42        .10 

.12 

0.41 

2.60 

.11 

.97  '  1.46 

.00 

.81 

.15 

.24 

6.9S 

18W 

.10 

.65 

2.58 

1.01 

.08 

.86 

.81  ,     .18 

Tr. 

.51 

.28 

Tr. 

6.M 

1900 - 

.11 

.04 

.08 

1.78 

.04 

Tr.  1     .05 

1.41 

.77 

.55 

.05 

1901 

.36 

2.36 

.28 

.86 

i.42 

.97 

1.76 

.64 

Tr. 

.68 

Tr. 

.75 

10.07 

1902. 

.96 

.02 

.72 

..10 

Tr. 

Tr. 

.74 

.82 

.47 

.15 

1.22 

.39 

.•i.-v. 

1903 

.76 

1.66 

.68 

1.49 

1.88 

.66 

.72 

1.12 

.82 

.85 

.02 

.07 

iQ.y. 

1904 — 

.50  ;     .64 

.97 

.10 

2.49 

.11 

.86 

.83 

.45 

.41 

.00 

.22 

7..W 

1905 

.88  1  1.44 

1.71 

.58 

1.44 

.02 

.58 

1.04 

2.82 

.89 

.83 

.30 

11.<I 

1908 

.10       .68 





'            1 
( 

1 

.96 

.96 



GARRISON. 

1908 

0.88 

0.60 

0.20 

0.38 

1.16 

0.54 

0.05 

0.55 

0.88 

0.28 

Tr. 

Tr. 

4.::. 

1904 

.07 

1.49 

.62 

.06 

.OT 

.41 

.96 

.95 

.55 

.94 

0.00 

0.22 

T.a 

1905 

.87 

1.30 

.90 

.99 

1.83 

Tr. 

.10 

.83 

.85 

.00 

2.14 

.11 

S.-fi 

1908 - 



Tr. 

2.47 

1.58 

.77 

.08 

.88 

'     .50 

1 

.10 

1.98 

.58 

MINER8VILLE. 

1807 

1.75 

2.40 

0.16     0.28 

0.03 

0.91 

0.49 

2.07 

1.57 

0.49 

1.52 

1808.- 

1.49 

.57 

2.08 

.25 

2.35 

.46 

..51 

.04 

.11 

.08 

.66 

.29 

?   ?.3 

1809- 

.57 

.38 

2.40 

.71 

.65 

.17 

1.20 

.63 

Tr. 

1.38 

.52 

.63 

9.^4 

1900.. 

.34 

.20 

.34 

2.32 

.32 

.18 

.04 

.62 

1.88 

.06 

1901 - 

.45 

2.21 

.61 

.87 

1.05 

.55 

.86 

1.80 

.02 

.70 

.16 

.72 

S.TO 

1902 

.91 

.29 

1.22 

.12 

.07 

,_ 

.41 

.48 

.97 

.10 

2.  TO 

1903 -- 

.14        .94 

1.10 

„...-- 

.00 

1004- - 

.70     1.70 



1 



" 

1 
1 

Tr. 

.00 

.80 

MC 

>DEN. 

fL,      (ALTITUDE,  5,479  FEET.) 

1902 

0.33  '  0.:« 

o..-^i 

0.18 

0.19 

0.02 

Tr. 

1.58 

0.76 

0.04 

0.89 

0.29 

5.(» 

1903 

.12  1     .8") 

.74 

.61 

.55 

.13 

0.14 

.02 

1.48 

1.39 

.00 

.00 

6.9S 

1904 

.20  ,  1.01 

.98 

.02 

1.56 

.11 

.60*  i.:»2 

2.02 

.50 

.00 

.23 

9.SS 

urn 

.8fl     1.79 

2.00 

1.06 

.72 

Tr. 

.81  1  1.71 

1.26 

1.00 

.90 

.20 

12.  a» 

1906 

.67  1     .47 

3.22 

2.91 

1.31 

.00  1  2.80 

3.40 

.91 

.34 

1.40 

2.18 

19.06 

PAROWAN.      (ALTITUDE,  5,970  FEET.) 

1800 

1     ; 

1 
1 

0.98 

2.10 

.00 

0.59 

.00 

2.32 

0.43 
.00 
.20 

0.84 

1.13 

.39 

1891     -. 

1.46     2.07 

2..')7     1.57  1 
1.79  1  2.0« 

1.14     0.20 

1.24 

.66 

0.76 
1.24 

14.24 

1892.. 

.47 

1.03 

.83 

.04 

11.00 

18113 -. 

.84 

1.03 

1.23     1.42 

1.34 

.00 

2.08 

1.65 

1.11 

Tr. 

1.38 

.72 

12.^> 

1894 

1.G5 
1.94 

.8.') 
2.82 

2.6.^.      1.27 
1.93  ,     .47 

.55 

.87 

.57 
.06 

.78 
.70 

1.40 
.28 

.72 
.29 

.8r» 

.58 

Tr. 

1.28 

1.98 
.90 

i2.y: 

1895 

i2.or 

1896 

.16 

.48 

.71  '     .83 

.98 

.08 

1.89 

8.00 

.47 

.36 

.80 

.16 

9.17 

1897.. 

l.nO      3.4,'i 

3.76  1     .95 

.51 

.02 

.79 

1.56 

1.84 

2.48 

.73 

.88 

1S.47 

1898- 

1.90  1  1.20 

1.66  1     .64 

3.35 

.24 

1.19 

1.46 

.25 

.30 

.72 

.82 

1S.« 

1899- 

.12  J 

1.10 

2.18 

1.20  1 

1.19 

.82 

.72 

.82 

.06 

.78 

.81 

1.60 

10.92 
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T^ABLis  1.— Records  of  precipitation  at  stations  in  southwestern  Utah— Continued. 
PABOWAN.      (ALTITUDE,  5.970  FEET)— Continued. 


T«ur. 

Jan. 

Tfeb. 

Mar. 

Apr. 

May. 
.61 

June. 
.13 

July. 

Aug. 

Sept. 

Oct. 

Nov. 
.34 

Dec. 

Total. 

1900..- 

.51 

.88 

.IB 

2.64 

.11 

.84 

.82 

.56 

.07 

7.04 

1901 '     .68 

1.84 

.85 

1.61 

.88 

.30 

.04 

8.35 

.04 

.32 

.08 

.96 

11.05 

1902— 1.18 

.31 

1.83 

.21 

.18 

.06 

.49 

.76 

.50 

.61 

1.86 

1.03 

9.02 

1903^— 1.10 

.77 

1.94 

1.66 

1.10 

.49 

.41 

1.46 

1.00 

2.03 

Tr. 

.53 

11.89 

190* J     .43 

1.46 

2.11 

1.27 

2.07 

.07 

.08 

1.23 

.17 

.74 

Tr. 

.79 

11.82 

1905. .92 

1906 1.4 

1.54 

2.29 

.66 

1.99 

TT. 

.75 

.37 

3.80 

.12 

1.11 

.32 

18.47 

.98 

3.99 

1.96 

.62 

lY. 

1.71 

3.10 

3.49 

.41 

2.09 

1.18 

20.87 

PINTO.      (ALTITUDE,  5,907  FEET.) 


1897 

3.05 

4.11 

0.78 

0.52 

0.65 

1888. 

1.28 

.68 

1.88 

.39 

2.80 

.25 

1899-._ 

.25 
.38 

.35 
.27 

2.17 
.34 

.40 
2.81 

.58 
.65 

.77 
.25 

1900 

1901 _-. 

1.72 

2.74 

.23 

.85 

.85 

.45 

1902 

.61 

.95 

2.66 

.25 

.19 

Tr. 

1900 

.98 

1.06 

1.57 

1.30 

.80 

.17 

1904 

.80 

1.91 

1.72 

.44 

1.90 

1905. 

.64 

1.88 

2.28 

1.48 

2.09 

.00 

1906... 

2.72 

1.52 

6.45 

2.15 

.98 

.17 

0.00 

.07 

.0!> 

.18 

.80 

.01 

Tr. 

3.25 

1.41 

1.64 


0.80 
.60 
1.06 
.08 
5.07 
1.71 
1.74 
1.97 
1.83 
2.82 


2.17 
.00 
.00 

1.32 
.00 
.20 

1.37 
.99 

4.82 

1.82 


8.76 

0.40 

1.16 

.00 

.11 

.11 

7.12 

1.75 

.67 

.49 

8.54 

.n 

3.16 

.05 

9.71 

1.43 

.30 

.57 

15.10 

.96 

3.09 

70 

11.80 

1.75 

.00 

.21 

10.40 

.91 

.00 

.17 

.77 

1.67 

.08 

18.95 

.10     2.43  ,  2.85       25.60 


PIOCHE,  NEV. 


1877 

.J          J       .„ 

0.18 
.97 
.46 
.47 

1.73 
.95 

0.16 
.22 
.00 
.18 
.00 
.03 

0.48 
.35 
.66 
.52 
.56 
.60 

o.oo 

.63 
.38 
.29 
.10 

.n 

0.95 

.42 

1.75 

1.84 

.08 

.08 

1878. 

1879                     -  - 

0.46 
1.12 
.21 
.47 
.38 
.20 

1.67 
.17 
.86 
.29 
.35 
.28 

0.78 
.19 
.12 
.47 
.80 
.39 

1.81 
1.6S 

.46 
1.08 

.96 
1.15 

1.27 
.08 
.01 
.21 
.29 
.38 

0.04 
.40 
.08 
.06 

3.23 

0.29 
.17 
.18 
.23 
.21 

8.36 
6.94 

1880. 

1881— 

188K. 

4.67 
5.25 
8.31 

1883 

1 

• 

1 

SURFACE  WATERS. 


SOURCE. 


The  waters  of  Beaver  Valley  are  derived  almost  entirely  from  the 
Tushar  Mountains  and  result  directly  from  the  heavy  precipitation 
about  the  lofty  peaks,  from  which  they  enter  the  valley  as  streams. 
The  rate  of  run-off  from  the  mountains  is  regulated  by  the  porous 
condition  of  the  rocks  and  by  the  accumulations  of  snow.  The  eleva- 
tion is  such  that  the  snow  which  falls  during  the  winter  melts  gradu- 
ally and  feeds  the  streams  during  the  spring  and  early  part  of  the 
summer.  The  loose  volcanic  tuffs  and  breccias  absorb  large  quanti- 
ties of  the  water  derived  both  from  the  rainfall  and  from  the  melting 
snows,  and  these  waters  are  held  back  because  of  their  slow  move- 
ment through  the  rocks  and  finally  issue  in  the  form  of  springs  hav- 
ing a  comparatively  regular  flow.  This  conservation  of  the  waters  is 
of  the  greatest  importance  to  the  agricultural  regions  dependent 
upon  the  run-off  and  will  be  greatly  enhanced  by  the  forest  reserve 
which  has  recently  been  established  in  the  Tushar  Mountains. 
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WATEB  BESOUBCES   OF   BEAVEB  VALLEY,  UTAH. 


MEASUREMENTS  OF  FLOW. 


Little  is  known  thus  far  of  the  actual  quantity  of  water  entering 
Beaver  Valley.  The  settlement  of  the  valley  has  taken  place  gradu- 
ally, the  first  settlers  appropriating  all  the  water  they  wanted  and 
the  later  ones  taking  what  they  could  get.  All  the  summer  flow  has 
long  since  been  appropriated,  although  much  of  it  is  misused. 

There  is  imperfect  adjudication  of  rights  and  little  knowledge  of 
the  actual  volume  appropriated  in  any  particular  case.  The  canals 
and  ditches  are  poorly  constructed.  In  some  of  them  the  water  flows 
too  rapidly  and  actively  erodes  the  beds,  thus  increasing  the  volume 
carried.  Others  have  not  fall  enough  and  the  water  fills  them  with 
silt,  thus  decreasing  the  volume  carried.  The  amount  of  irrigated 
land  is  approximately  as  follows: 

From  Beaver  River,  0,500  acres,  of  which  4,036  acres  are  supplied  only  dnriog 
high  water. 

From  South  Creek,  about  200  acres. 
From  North  Creek,  about  1,297  acres. 
From  Indian  Creek,  about  363  acres. 
Total  acreage  In  Beaver  Valley,  11,360. 

No  measurements  were  obtained  from  Milford  or  from  Bearer 
Bottoms.  The  only  consecutive  measurements  of  volume  of  the 
streams  that  have  been  made  are  given  in  the  following  table,  the 
four  streams  named  yielding  practically  the  entire  inflow : 

Tablr  2. — Discharge  measurements  of  Beaver  River  and  tributaries,  in  aerc-fcH. 


Stream. 

Jan. 

Peb. 

Mar. 

Apr. 

May. 

June. 

Jnly. 

Beaver  River 

1905.« 

1,094 

129 

92 

1.498 
122 
78 

2.460 

100 

128 

4.046 
190 
167 

5.S41 
2S8 
197 

4.327 
304 
832 

M* 

North  Creek.-. 

3H 

South  Creck__. 

2S> 

Stream. 

Auk. 

Sept. 

Oct. 

Nov. 

Dec. 

Y9U. 

Beaver  Rlver__ 

1905.- 

2,255 
3S2 
234 

1,»12 
274 
214 

1 

1 

1.824           1.892 
240              161 
184              131 

2.047 
135 
1S9 

31,Sf 

North  Creek— ._ 

2,ffll 

South  Creek  _.-                            

i.^ 

Stream. 


19O0.» 


Beaver  River,  June  15  to  Sept.  22 

Indian  Creek.  June  26  to  Aug.  31 

North  Creek.  June  16  to  Sept.  27 

Canal  at  MinerRvllle.  June  21  to  Sept.  21— 


•Prom  weir  raeaaurementa  by  L.  L.  Nunn.  for  the  Teiluride  Power  Company. 
^Meaeurementfl  by  J.  P.  Hoyt. 
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UTILIZATION. 

The  surface  waters  are  all  diverted  for  irrigation  during  the  sum- 
xner,  but  the  winter  flow  is  not  utilized,  although  some  opportunity 
is  offered  for  the  construction  of  storage  reservoirs.  One  small  dam 
lias  been  built  by  the  water  users  of  Minersville,  across  Beaver  River 
in  the  canyon,  6  miles  east  of  the  town,  but  the  reservoir  is  too  small 
to  hold  the  waters  of  even  a  moderate-sized  flood.  It  might  be  en- 
larged, however,  at  comparatively  slight  cost  and  its  usefulness 
greatly  increased. 

UNDERGROUND  WATERS. 
SPRINGS. 

Numher  and  distribution. — A  large  number  of  springs  occur  in 
Beaver  Valley,  some  in  the  consolidated  rock  formations,  but  most 
of  them  in  the  unconsolidated  sediments  of  the  Beaver  Lake  beds. 
In  the  vicinity  of  Beaver  they  are  especially  numerous  and  some  of 
them  are  not  distinguishable  from  the  seepage  where  the  return  waters 
of  the  underflow  produce  swampy  conditions  over  considerable  areas. 
They  are  most  numerous  at  the  foot  of  the  gravel  benches,  especially 
where  the  benches  are  irrigated,  as  east  of  Beaver,  where  the  return 
water  produces  a  continuous  flow  along  the  foot  of  the  bench  during 
the  irrigation  season,  as  shown  in  fig.  3  (p.  48).  A' few  of  the  springs 
have  peculiarities  worthy  of  special  description,  but  the  essential 
facts  regarding  most  of  them  are  contained  in  Table  6  (p.  44). 

Sulphurdale. — Sulphurdale  is  located  about  20  miles  north  of 
Beaver,  a  little  beyond  the  northern  border  of  the  area  shown,  on  the 
map  (PI.  I).  The  sulphur  deposits,  locally  known  as  the  Cove 
Creek  beds,  are  located  at  this  place.  Small  quantities  of  water  which 
would  ordinarily  reach  the  surface  as  a  spring,  but  which  on  account 
of  the  mining  operations  carried  on  there  may  be  classed  as  mine 
water,  issue  from  the  sulphur  beds.  The  water  is  highly  mineralized, 
as  shown  by  the  subjoined  analysis,  sulphites,  sulphuric  acid,  and 
iron  being  especially  abundant.  Sulphureted  hydrogen  (HoS) 
escapes  from  the  beds  in  great  quantities,  and  the  sulphuric  acid  is 
apparently  the  result  of  the  oxidation  of  this  gas.  The  oxygen  of  the 
air  first  combines  with  the  hydrogen  (H),  leaving  the  sulphur  (S), 
most  of  which  remains  in  the  solid  state  and  constitutes  the  sulphur 
deposits;  but  some  of  the  sulphur  is  still  further  oxidized  to  sulphur 
trioxide  (SO3),  which  combines  with  water  (HjO)  to  form  sul- 
phuric acid  (H2SO4). 
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Analysis  of  water  from  Cove  Creek  sulphur  beds, 

[Farts  per  million.     Analyst,  W.  M.  Barr.] 

Dissolved  solids  at  180" 8,816 

Dissolved  solids  at  130° 10,810 

Suspended  matter 52 

Silica  (SIO2) - 124 

Ferrous  iron   (FeO) 560 

Ferric  iron  (Fe»Os) ' 802 

Aluminum   (Al) 0 

Calcium  (Ca) 1$8 

Magnesium    (Mg) 232 

Sodium  (Na) . 

144 


1 


Potassium  (K) 

Carbonate  radicle  (COi) 0 

Bicarbonate  radicle  (HCO») 0 

Sulphate  radicle   (SO*) _' 7,602 

Free  sulphuric  acid  (H2SO4) 4,523 

Chlorine   (CI) TO^ 

Nitric  radicle  (NO3) 1.7 

Free  sulphur  (S) 3.6 

Constant  loss  of  dissolved  solids  occurs  when  heated  above  130"*.  Heated  at 
180",  not  constant.  Sample  had  free  hydrogen  sulphide  (HiS)  when  collected, 
with  possible  presence  of  sulphur  dioxide   (SO2). 

McKemi^s  spring  (Roosevelt  Hot  Spring;  sec.  f,  T.  27  S.,  R  9 
AV.) — P.  B.  McKean's  hot  springs,  of  which  there  are  several,  are 
located  on  the  western  slope  of  the  Mineral  Mountains,  northeast  of 
Milford.  The  largest  of  these  springs,  having  a  discharge  of  about 
10  gallons  per  minute,  has  been  improved  and  a  bath  house  built,  to 
utilize  the  water  for  medicinal  purposes.  The  spring  is  inclosed,  so 
that  the  temperature  of  the  water  as  it  issues  from  the  rock  could  not 
be  measured,  but  as  it  issues  from  the  pipe  leading  from  the  spring  it 
has  a  temperature  of  190°  F.  Within  the  spring  the  water  is  boiling 
and  steam  escapes  also  from  crevices  in  the  rock  for  a  distance  of  sev- 
eral feet  about  the  spring.  The  water  contains  a  large  amount  of 
mineral  in  solution,  as  shown  by  the  analysis  in  Table  9  (p.  50),  and  is 
strongly  charged  with  hydrogen  sulphide  (H2S).  Much  of  the  silica 
(SiOJ  contained  in  solution  as  the  boiling  water  issues  from  the 
rocks  is  deposited  as  the  water  cools  and  does  not  appear  in  the  anal- 
ysis. The  silica  is  precipitated  as  a  light-green  jelly  which  changes 
to  white,  spongy  masses  when  artificially  dried,  but  which  in  nature 
builds  about  the  springs  compact  stony  mounds.  On  analysis  this 
deposit  was  found  to  consist  entirely  of  silica. 

The  origin  of  the  heat  at  this  place  is  a  matter  of  considerable 
interest.  The  springs  are  in  the  zone  of  faulting  which  follows  the 
western  face  of  the  Mineral  Mountains  and  which,  although  wholly 
in  crystalline  rock  at  this  place,  is  well  marked  by  a  conspicuous 
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shearing  and  brecciation  of  the  rock.  On  the  mountain  slope  to  the 
east  is  a  mass  of  black  obsidian  of  recent  origin,  and  on  the  eastern 
flank  of  the  range  occur  the  volcanic  cones  which  still  retain  their 
original  form  in  great  perfection.  The  heat  may  be  caused  by  the 
friction  or  by  the  crushing  of  rock  in  the  fault  zone  or  may  be  resi- 
dual heat  from  a  mass  of  intrusive  lava. 

Spring  4,  miles  north  of  MinersvUle. — This  spring,  like  the  Roose- 
velt Hot  Spring,  is  located  on  the  western  slope  of  the  Mineral  Moun- 
tains in  the  zone  of  faulting.  It  has  deposited  large  quantities  of 
mineral  matter,  presumably  silica,  building  up  a  mound  subcircular 
in  outline  and  about  a  quarter  of  a  mile  in  diameter,  but  the  water, 
unlike  that  of  the  Roosevelt  Spring,  is  not  notably  warmer  than  that 
of  ordinary  springs.  The  water  issues  from  the  mound  at  several 
points.  The  flow  from  the  main  opening  was  estimated  at  50  gal- 
lons per  minute,  but  the  total  flow  was  not  determined. 

The  presence  of  warm  springs  in  the  zone  of  faulting  to  the  north 
at  the  Roosevelt  Hot  Spring  and  to  the  south  at  Minersville  (Dot- 
son's  spring,  described  under  the  next  heading)  suggests  that  this 
may  formerly  have  been  a  hot  spring.  The  suggestion  is  strength- 
ened by  the  presence  of  the  large  amount  of  silica  constituting  the 
mound.  Silica  is  being  deposited  at  the  present  time  by  the  hot 
waters  of  the  Roosevelt  Spring  and  the  Thermo  springs,  but  ap- 
parently not  by  the  cooler  waters  of  the  spring  north  of  Minersville. 
This  spring  is  favorably  situated  for  supplying  the  town  of  Min- 
ersville with  drinking  water.  The  residents  of  that  town  are  now 
dependent  on  wells,  the  water  from  which  is  very  bad,  and  on  the 
river,  the  water  from  which  during  the  summer,  at  least,  is  derived 
chiefly  from  the  seepage  of  the  lands  in  Beaver  Basin. 

The  field  assay  of  the  spring  water,  as  given  in  Table  6  (p.  45) 
shows  it  to  contain  a  large  amount  of  dissolved  solids,  and  it  would 
not  ordinarily  be  considered  a  good  drinking  water.  It  is  much 
better,  however,  than  the  Minersville  well  waters,  and  although  it 
is  more  saline  than  the  river  water,  it  is  from  a  sanitary  standpoint 
the  best  supply  available  for  the  town  so  far  as  is  now  known. 

Dotson's  spring  (sec.  7,  T.  30  S.,  R.  9  W.).— R.  W.  Dotson's 
spring  is  located  in  the  bank  of  Beaver  River  about  a  mile  east  of 
Minersville.  The  water  issues  at  the  rate  of  57  gallons  per  minute 
from  an  opening  on  the  fault  at  the  western  edge  of  the  massive 
limestone  of  the  Mineral  Mountains.  No  use  is  now  made  of  the 
spring  except  for  bathing,  a  small  tank  having  been  built  for  that 
purpose.  The  water  has  a  temperature  of  97°  F.  and  is  hard  and 
saline,  as  shown  by  the  field  assay  given  in  Table  6  (p.  45). 
•  Warm  springs  near  Thef^mo. — There  is  a  group  of  warm  springs 
about  3  miles  south  of  Thermo,  a  siding  on  the  San  Pedro,  Los 
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Angeles  and  Salt  Lake  Railroad.  The  springs  occur  in  two  con- 
spicuous mounds  built  up  from  the  surface  of  the  plain  by  silica  de- 
posited from  the  spring  waters.  The  southermost  mound  is  about 
10  feet  high,  160  feet  wide,  and  3,000  feet  long,  and  the  northern- 
most one  is  15  to  20  feet  high,  500  feet  wide,  and  about  5,000  feet 
long.  Water  issues  from  these  mounds  at  many  points,  but  no  one 
of  the  springs  yields  any  great  volume  of  water.  The  water  ha> 
a  temperature  of  140°  F.  and  contains  hydrogen  sulphide  (H^S). 
much  of  which  escapes  as  gas.  The  results  of  a  laboratory  analysis 
of  this  water  are  given  in  Table  9  (p.  50).  The  water  contains  also 
a  large  amount  of  silica  in  solution,  most  of  which  is  deposited  at 
the  surface  when  the  water  cools  and  does  not  appear  in  the  analysis. 
Other  springs. — Data  were  obtained  of  23  other  springs.  The  in- 
formation is  largely  chemical  in  nature  and  is  given  in  Table  6,  in  the 
section  describing  chemical  character,  on  pages  42--i5. 

SEEPAGE  WATERS. 

Location. — In  the  lower  portions  of  Beaver  Basin  the  surface  of 
the  ground  water  is  at  or  very  close  to  the  land  surface.  During 
spring  and  early  summer  the  ground-water  level  gradually  rises,  and 
during  late  summer  and  early  autumn  a  considerable  part  of  the  low- 
lands of  the  valley  between  Beaver  and  Adamsville  is  transformed' 
into  a  marsh.  Many  of  the  roads  are  rendered  impassable  and  many 
of  the  fields  useless  for  tillage  or  even  pasturage.  Nearly  half  of  the 
town  of  Beaver  was  thus  affected  during  the  summer  of  1906.  Some 
of  the  principal  streets  were  impassable.  Water  was  found  flowing 
freely  from  dug  wells  and  from  cellars,  in  some  cases  making  houses 
uninhabitable.  The  area  rendered  swampy  within  the  city  is  shown 
in  fig.  3  (p.  48). 

The  lowlands  in  the  vicinity  of  Milford  and  to  the  north,  especially 
in  Beaver  Bottoms,  are  similarly  affected,  although  on  account  of  the 
large  area  of  lowlands  and  the  limited  water  supply  swampy  condi- 
tions are  not  so  serious  in  the  Milford  region. 

Volume. — The  volume  of  return  water  is  known  to  be  very  large  in 
comparison  with  the  flow  of  the  streams,  but  no  measurements  are 
available  at  the  present  time.  Some  conception  of  the  volume,  how- 
ever, may  be  obtained  from  the  fact  that  2,000  acres  of  the  cultivated 
land  of  the  valley  are  irrigated  wholly  by  seepage  waters.  Besides 
this  a  large  proportion  of  the  seepage  finds  its  way  directly  into  the 
river  and  can  not  be  measured  separate  from  the  stream  flow.  The 
chemical  character  of  the  seepage  waters  is  shown  in  Table  5  (p.  43). 
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CLASSIFICATION. 


The  wells  of  Beaver  Valley  May  be  conveniently  described  in  two 
divisions:  (a)  the  bored  wells,  including  both  flowing  and  nonflowing 
iwrells,  and  (6)  the  shallow  or  dug  wells.  For  the  purpose  of  easy 
reference  it  will  be  convenient  also  to  subdivide  these  by  districts,  each 
district  being  named  from  the  town  that  it  surrounds,  except  in  the 
case  of  the  railroad  wells,  which  for  convenience  are  described  as 
being  in  the  Milford  district,  although  some  are  far  from  the  town  of 
Milford. 

The  following  descriptions  of  the  more  important  deeps  wells  are 
arranged  in  order  from  Beaver  westward  through  Greenville,  Adams- 
ville,  Minersville,  and  Milford  including  Beaver  Bottoms. 


BE  AVER  DISTRICT. 


Barton  well. — J.  H.  Barton  has  a  3-inch  bored  well  in  Beaver.  It 
is  66  feet  deep  and  yields  an  ample  supply  of  water.  Saturated  sands 
and  gravels  extend  more  or  less  continuously  from  top  to  bottom. 
The  clay  partings  are  apparently  not  continuous  for  any  great  dis- 
tance, as  the  water  is  under  no  pressure.  The  driller's  record  is  as 
follows: 

Record  of  J.  H.  Barton's  well,  Beaver, 


Thickness. 

Depth. 

Gravel 

Clay -— 

Feet. 

1 
25 

3 
12 

4 
21 

Feet. 

1 

26 
29 

Gravel 

41 

Olay-    -    .    - —        -           - -     -     - —  - 

45 

Gravel — - —. 

« 

Cemetery  well. — There  is  a  2-inch  drilled  well  at  the  Beaver  ceme- 
tery, 180  feet  deep.  A  gravel  stratum  which  has  water  under  con- 
siderable pressure,  although  not  sufficient  to  produce  a  surface  flow, 
was  encountered  at  a  depth  of  170  feet. 

Record  of  Beaver  cemetery  well. 


Soil 

Gravel 

Olay 

Sand,  gravel,  and  day 


Thickness. 

Depth. 

Feet. 

1 

3 

7 

168 

Feet. 

1 

4 

11 

180 
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Mumford  well  (sec.  28,  T.  29  &,  R.  7  W.).— George  Mumford  has 
a  2-inch  bored  well,  200  feet  deep,  located  south  of  Beaver.  The  well 
is  not  now  in  use,  but  is  of  interest  especially  in  showing  the  character 
of  the  Beaver  Lake  beds  and  for  the  reason  that  an  oil  stratum  wa> 
penetrated  at  a  depth  of  140  feet.  tfThe  evidences  of  oil  -irere  not 
sufficient,  however,  to  indicate  the  presence  of  any  large  quantity. 

Record  of  Oeorge  Mumford* h  iceU,  near  Beaver. 


ThiekD^Bs. 

Depth. 

Son 

• 

Feet. 

SO 

1« 

15 
16 

1 

F*€t. 

Sand _              .           _            .  ,-                          _    _ 

46 

Olay 

Q 

Sand- 

Oravel  ftnd  bowlderH 

U* 

Olay- 

140 

Gravel _ 

175 

Sand- - 

- 

20C 

Nower  well  (sec.  27,  T.  29  S,  E.  7  W.).— J.  A.  Nower  has  a  3-inch 
bored  well,  213  feet  deep,  located  near  the  point  of  the  mesa  south 
of  Beaver.  The  water  rises  to  a  level  17  feet  below  the  surface  and 
has  a  temperature  of  54°  F. 

Record  of  J»  A,  'Nower'' h  trell,  near  Beaver, 


Sou 

Olay - 

Sand  and  arravel 

Olay 

Alteraatlng  layers  of  gand  and  clay. 


A^hepherd  well  (sec.  20,  T.  29  S.,  R.  7  W.).— Warren  Shepherd  has 
a  4-inch  bored  well,  300  feet  deep,  located  about  a  mile  west  of  Beaver, 
in  which  the  water  stands  2  feet  below  the  surface  of  the  ground.  It 
is  noteworthy  that  in  boring  this  well  black  volcanic  rock,  probably 
basalt,  was  penetrated,  indicating  that  the  Beaver  Lake  beds,  like  the 
Lake  Bonneville  beds,  contain  sheets  of  basalt  within  the  sands  and 
gravels. 

Record  of  Warren  8hepherd*s  well,  tcest  of  Beaver. 


\  Thlckna 


Depth. 


Son - 

Gravel 

Clay - 

Sand  and  gravel 

Sand  and  gravel  alternating  with  black  volcanic  rock. 


FttU 

Feet. 

4 

4 

2 

6 

6 

12 

fa 

4S 

2S7 

aoo 
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IVoIfenden  <&  Murdoch's  well  (sec.  22,  T.  29  S.,  R.  7  W.).— This 
well  is  located  at  the  grist  mill  about  a  mile  east  of  Beaver  and  is  60 
feet  deep.  It  does  not  reach  beyond  the  influence  of  the  surface 
changes  described  under  the  heading  of  shallow  wells  (p.  37),  as  do 
many  of  the  deeper  wells  of  the  Beaver  region,  the  water  level  being 
about  40  feet  lower  in  February  than  in  July. 

Record  of  Wolfenden  d  Murdock's  well,  east  of  Beaver. 


SoU-.-i 

QraTel 

Clay 

Sand  and  gravel-, 

Olay 

Sand 


Other  Beaver  wells. — Other  deep  wells  were  found  in  the  Beaver 
district,  but  little  was  learned  of  them  further  than  the  meager  infor- 
mation contained  in  Table  3  (p.  35). 

GBEENVILLC   DISTRICT. 


Greenville  school  well  (sec.  25,  T.  29  S.,  R.  8  W.).— This  is  a  3-inch 
bored  well  located  in  the  town  of  Greenville.  It  is  244  feet  deep  and 
encountered  water  under  pressure  at  180  and  244  feet.  The  surface 
flow  is  about  11  gallons  per  minute  and  the  quality  good. 

Record  of  QreenviUe  school  well. 


I  Thfcknesii. 


I  Feet. 

Soil — — .  2 

Gravel  (water-bearing) _ „  178 

Clay — - 61 

Sand  (water-bearing) '  3 


Depth. 


Feet. 

2 

180 

241 

244 


Other  Greenville  wells. — Several  flowing  wells  have  been  bored  in 
the  vicinity  of  Greenville,  but  few  definite  records  of  the  rocks  pene- 
trated are  available  and  little  information  was  obtained  other  than 
that  given  in  Table  3  (p.  35). 


ADAM8VILLE   DISTRICT. 


Griifith  well  (sec.  30,  T.  29  S.,  R.  8  W.).— J.  M.  Griffith  has  thre« 
bored  wells  near  the  town  of  Adamsville.  One  is  a  3-inch  well  30  feet 
deep  and  flows  4  gallons  per  minute,  another  is  a  2-inch  well  100  feet 
deep  and  flows  3  gallons  per  minute,  and  the  third  is  a  3-inch  well  475 
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feet  deep,  which,  on  account  of  its  location  on  ground  higher  than 
the  others,  does  not  flow.  The  driller's  record  of  the  third  well  is 
given  below. 

The  artesian  conditions  of  Beaver  Basin  are  well  iUustrated  at  this 
point.  Wells  located  in  the  lowest  ground,  whether  deep  or  shallow, 
yield  flowing  water.  Wells  located  on  ground  a  few  feet  higher, 
although  they  penetrate  much  deeper  beds — 475  feet  in  this  case — do 
not  yield  flowing  water.  The  wells  in  the  low  ground  flow  appar- 
ently not  because  of  pressure  caused  by  an  impervious  layer  overlying 
a  water-bearing  stratum,  but  because  these  wells  afford  places  of  com- 
paratively easy  escape  for  water  which  would  eventually  reach  the 
surface  by  natural  means  but  which  is  somewhat  retarded  on  account 
of  the  friction  within  the  beds  through  which  it  passes. 

Record  of  J,  M,  Griffith's  well  No,  5,  near  Adatnsville, 


Thicknese. 


Depth. 


Feet.  Feet, 

Gravel 14  i  14 

01ay_. ;               14  I  2» 

Gravel  (water-bearing).. - 32  60 

Clay-— ^ - - — - 47  I  107 

Gravel  (water-bearlnir) - 88  '  175 

Clay - aoo  4-:. 

\ t 

Parkinson  well  (sec.  28.,  T.  29  S.,  R.  8  W.).— Earl  Parkinson  has  a 
3-inch  bored  well,  385  feet  deep,  about  2  miles  east  of  Adamsville. 
This  well  differs  from  most  of  the  wells  in  the  vicinity  of  Adamsville 
in  that  it  does  not  flow,  the  water  standing  13  feet  below  the  surface. 
The  material  penetrated  also  differs  notably  from  that  in  the  other 
deep  wells,  being  mainly  fine  sand  and  clay. 

Record  of  Earl  Parkinson/H  weU^  2  miles  east  of  Adamsville, 


Soil  and  gravel- 
Sand  and  day-- 


ThJcknesB.  Depth. 

Feet,      ,  Feet. 

27  I  27 

358  S&-i 


Other  Adamsville  wells. — Several  other  wells  have  been  put  down 
in  the  Adamsville  district,  but  little  information  was  obtained  other 
than  that  contained  in  Table  3  (pp.  35-37). 


MINERSVILLE  DISTRICT. 


Baker  <&  Walker's  well  (sec.  8  ( ?),  T.  30  S.,  R.  10  W.).— This  well 
is  located  about  5  miles  west  of  Minersville.  It  is  a  3-inch  bored  well 
223  feet  deep.  Water-bearing  gravel  was  encountered  at  a  depth  of 
185  feet,  but  the  water  is  not  imder  pre&sure. 
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Record  of  Baker  d  Walker*9  treW,  5  miles  went  of  MinersvUle. 


ThlekoflM. 

Depth. 

Feet. 

Feet. 

10 

10 

165 

175 

10 

ia5 

5 

190 

83 

223 

Clay  soO 

Gravd _ 

Clay 

Gravel  ( water-bearing) 


Goodson  well  (sec.  8,  T.  30  S.,  R.  10  W.).— E.  J.  Goodson  has  a  3- 
inch  bored  well,  124  feet  deep,  about  6  miles  west  of  Minersville. 
Water  was  found  from  96  feet  downward,  but  is  under  no  pressure. 
A  well  belonging  to  Henry  Baker,  located  about  2  miles  southwest  of 
Mr.  Goodson's  well,  is  210  feet  deep,  with  water  under  little  pressure 
at  180  feet. 

Record  of  E,  J.  Goodson*s  icell,  6  milcH  went  of  Minersville, 


Soil 

GraveL__ 

Clay 

Gravel  (water-bearing) 

Sand  and  clay 


ThickneM. 

Depth. 

Feet. 

Feet. 

0 

« 

84 

00 

6 

96 

10 

106 

18 

124 

Van  Patten  well. — F.  A.  Van  Patten  has  a  3-inch  drilled  well,  125 
feet  deep,  at  Minersville.  Water  was  not  found  below  a  depth  of 
95  feet,  and  the  casing  was  drawn  back  to  that  depth. 

Record  of  F.  A.  Van  Patten's  well,  Minersville. 


Thlcknesa, 


Depth. 


Feet. 

Son I  1 

Gravel '  24 

Alternating  layers  of  clay,  sand,  and  gravel  (water-bearinc).. 90 

Clay '  10 


Feet. 

1 

25 
115 
125 


Other  Minersville  wells. — There  are  several  bored  wells  in  Miners- 
ville, but  little  of  interest  was  learned  of  them.  The  scanty  informa- 
tion is  to  be  found  in  Table  3  (p.  36). 


HILFORD   DISTRICT. 


MUford  town  well. — The  town  of  Milford  is  supplied  with  water 
from  a  bored  well  425  feet  deep,  located  at  the  foot  of  the  gravel 
bench  which  occurs  at  the  west  edge  of  the  town.  The  upper  300 
feet  of  the  well  is  cased  with  6-inch  pipe,  from  the  lower  end  of 
which  a  4-inch  pipe  extends  to  the  bottom  of  the  well,  the  water 
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coming  entirely  from  a  depth  of  425  feet.  The  water  has  a  pressure 
of  6  pounds  per  square  inch  at  the  surface,  flows  30  gallons  per  min- 
ute, and  has  a  temperature  of  72°  F. 

The  natural  flow  of  the  well  is  not  suflBcient  to  supply  the  toiwTL 
and  the  water  is  pumped  by  a  10-horsepower  gasoline  engine  to  a 
cement  reservoir,  28  by  72  feet  and  6^  feet  deep,  located  on  the  gravel 
bench  60  feet  above  the  town.  The  pump  ordinarily  discharges  irn'i 
gallons  per  minute,  and  the  well  readily  yields  this  amount.  Xo 
determination  has  been  made  of  the  maximum  possible  yield  of  the 
well,  but  it  would  apparently  supply  much  more  than  156  gallons  per 
minute. 

The  surface  water  at  Milford  is  brackish  and  for  this  reason  is 
cased  out  of  the  town  well.  The  analysis  in  Table  9  (p.  50)  shows 
that  the  water  from  the  depth  of  425  feet  is  very  good  for  domestic 
purposes. 

Lewis  well, — A.  B.  Lewis  has  a  bored  well  in  the  town  of  Milfonl 
that  is  cased  to  a  depth  of  450  feet  with  4-inch  pipe,  inside  of  which 
a  2-inch  pipe  extends  to  a  depth  of  750  feet.  From  the  outer  pipe 
water  flows  at  the  rate  of  37  gallons  per  minute  and  has  a  tempera- 
ture of  80°  F.  Water  also  flows  from  the  inner  pipe  at  the  rate  of 
2  gallons  per  minute,  and  since  it  is  surrounded  by  the  water  of  the 
outer  pipe  it  issues  with  the  same  temperature,  80°  F.  The  water 
from  the  750-foot  level  differs  from  that  at  450  feet  in  containing 
much  more  mineral  matter  in  solution,  as  shown  in  Table  3  (p.  36), 
and  also  in  containing  hydrogen  sulphide  (HjS). 

Record  of  A.  B.  Lewis's  well,  Milford. 


Soil 

Gravel 

Clay  and  sand  In  alternating  layers. 

Clay -  — 

QuickRand— — 

Clay - 

Sand 


Thkknen. 


,  FeeU 

Pett. 

12 

12 

48 

60 

89D 

450 

'       80 

530 

'       5 

535 

'      215 

750 

__-  

(?) 

Depth. 


Winhe7'g  well, — A.  W.  Winberg  has  a  2-inch  bored  well  at  the 
steam  laundry  in  Milford.  It  is  326  feet  deep  and  penetrates  water- 
bearing strata  at  depths  of  260,  285,  310,  and  326  feet,  all  four  beds 
yielding  flowing  water.  The  pressure  at  the  mouth  of  the  well  is  6 
pounds  per  square  inch  and  the  flow  9  gallons  per  minute.  The 
quality  of  the  water  is  excellent  and  is  practically  the  same  as  that 
from  the  town  well. 
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Record  of  A.  W.  Winberg's  well,  Milford. 


29 


ThickneM. 


Oravd  (wateM)eailDK) _ _ 

Altematinir  beds  of  clay,  sand,  and  gravel  (water-bearing)- 


FeH. 

Fut, 

16 

16 

44 

60 

206 

S26 

Depth. 


Railroad  well, — The  San  Pedro,  Los  Angeles  and  Salt  Lake  Rail- 
road has  three  flowing  wells  at  Milford.  Two  of  them  are  2-inch 
vrells  about  400  feet  deep,  each  discharging  18  gallons  per  minute; 
the  third,  a  12-inch  well,  310  feet  deep,  located  near  the  railroad 
station,  ordinarily  flows  30  gallons  per  minute,  the  pressure  at  the 
surface  being  about  6  pounds  per  square  inch.  Ground  water  here 
occurs  at  a  depth  of  8  feet  and  artesian  flows  at  170  and  310  feet.  The 
flow  is  not  sufficient  to  supply  enough  water  for  railroad  use  at  this 
station,  and  water  is  pumped  from  the  12-inch  well  at  the  rate  of  270 
gallons  per  minute.  The  driller's  record  of  this  well  follows,  and  an 
analysis  of  the  water  is  given  in  Table  10  (p.  51). 

Record  of  the  San  Pedro,  Los  Angeles  and  Salt  Lake  Railroad  12-inch  tcelU 

MUford. 


Thlcknees. 

Depth. 

Fett, 

Feet. 

4 

4 

6 

10 

22 

82 

88 

65 

10 

75 

15 

90 

26 

115 

4 

110 

35 

154 

15 

160 

5 

174 

81 

255 

10 

265 

5 

270 

8 

278 

10 

288 

17 

305 

5 

810 

Son _.- .__ _ 

Sand 

Blue  day — ! 

Sand _ - - 

Blue  day.. — _ „ 

Sand  and  gravel _ — ' 

Blue  day — _ —I 

Hardpan _ — 

Quicksand — ' 

Blue  day - - - _! 

Sand  (artesian  flow).. _ -__ 

Red  day _ 

Quicksand — 

Sand - - — - - — 

Clay — - J 

Sand- —  - -- ' 

Ydlowday 1 

Cemented  gravel  ( artesian  flow) _ 


Milwaukee  Leasing  Company'^s  well  (sec.  31(?),  T.  28  S.,  R.  11 
W.). — ^This  well  is  located  about  8  miles  southwest  of  Milford,  at  the 
Milwaukee  Leasing  Company's  stamp  mill.  It  was  originally  a  6-inch 
drilled  well,  90  feet  deep,  with  water  at  a  depth  of  45  feet.  Later  an 
open  shaft  was  dug  to  water  level.  The  water  is  pumped  for  use  in 
the  stamp  mill  in  sufficient  quantity  to  supply  the  20  stamps  operated. 

East  and  south  of  the  mill  and  on  lower  ground  water  is  found 
under  considerable  pressure.  Large  so-called  artesian  springs  are  re- 
ported there,  and  one  well  drilled  several  years  ago  still  flows  to 
some  extent. 
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Majestic  Copper  Mining  and  Smelting  Company^a  weUs. — ^There 
are  four  flowing  wells  at  the  smelter  2  miles  south  of  Milford,  95, 340, 
465,  and  470  feet  deep.  The  smelter  is  not  now  in  operation,  and  little 
information  regarding  the  wells  could  be  obtained.  The  flow  is  slight 
owing  probably  to  the  location  of  the  wells  on  a  bench  several  feet 
above  the  valley  bottom. 

Wells  in  B earner  Bottoms. — J.  C.  White  reports  20  flowing  wells  in 
Beaver  Bottoms,  many  of  them  bored  by  himself.  Water  having 
pressure  sufficient  to  produce  a  slight  surface  flow  from  wells  located 
on  the  lowest  ground  occurs  in  beds  of  sand  and  gravel  at  depths  of 
180  to  200  feet  below  the  surface.  The  wells  are  all  very  small,  the 
casing  varying  from  1  to  2  inches  in  diameter,  and  the  flow  is  only 
1  to  3  gallons  per  minute. 

An  attempt  was  made  several  years  ago  to  find  other  water-bearing 
strata,  and  a  well  was  sunk  on  the  Ryan  ranch  near  Read  (formerly 
Smith's  station)  to  a  depth  of  860  feet.  The  sediment  encountered 
was  all  very  fine.  Some  sand  was  found  with  the  clay  to  a  depth  of 
300  feet,  but  below  this  the  material  penetrated  was  wholly  day. 

The  waters  of  Beaver  Bottoms  are  strongly  charged  with  saline 
matter,  the  artesian  waters  more  so  than  the  surface  waters.  In  this 
respect  the  relations  at  Mil  ford,  10  miles  to  the  south,  are  reversed. 
The  surface  waters  of  Milford  and  of  Beaver  Bottoms  probably  do 
not  differ  greatly  in  salinity,  but  the  artesian  waters  of  the  latter 
place  are  so  strongly  saline  that  the  surface  waters  seem  good  by 
comparison.  The  field  assays  of  water  from  James  Forgie's  dug  well, 
18  feet  deep,  and  artesian  well,  215  feet  deep,  are  shown  in  Table  3 
(p.  36). 

A  laboratory  analysis  of  water  from  J.  C.  White's  artesian  well. 
185  feet  deep,  located  in  Beaver  Bottoms  about  2  miles  east  of  James 
Forgie's  well,  is  given  in  Table  9  (p.  50). 

RAILROAD  WELLS  OUTSIDE  OF  BEAVER  VALLEY. 

No  great  thickness  of  the  Lake  Bonneville  beds  is  exposed  at  the 
surface  in  the  Escalante  Desert,  and  the  character  of  the  sediments 
is  best  shown  by  well  records.  There  are  few  carefully  kept  records 
available  within  the  limits  of  the  area  described  in  this  paper,  and 
for  this  reason  it  is  thought  advisable  to  include  some  obtained  from 
places  outside  of  Beaver  County,  but  within  the  limits  of  the  Cscalante 
Desert,  and  therefore  having  a  direct  bearing  on  the  discussion  of  un- 
derground waters  in  Beaver  Valley.  Several  wells  have  been  bored 
for  the  San  Pedro,  Los  Angeles  and  Salt  Lake  Railroad  in  the  Esca- 
lante Desert  between  Beryl  and  Lynn,  the  locations  of  which  are 
shown  in  fig.  1  (p.  7).  J.  A.  Shanahan,  one  of  the  officials  of  the 
railroad,  has  very  kindly  furnished  the  following  information  for 
use  in  this  report. 
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Beryl. — ^The  railroad  has  a  13-inch  bored  well  at  Beryl,  208  feet 
deep.  Water  was  encountered  at  depths  of  23,  180,  and  203  feet  and 
rises  within  19  feet  of  the  surface.  During  a  pumping  test  of  twenty- 
four  hours  the  well  is  said  to  have  yielded  183  gallons  of  water  per 
minute. 

Record  of  the  San  Pedro,  Los  Angeles  and  Salt  Lake  Railroad  well  at  Beryl, 


I  ThlckneisJ  Depth 


Soil ..._ I 

riay  sDd£raTei _.. 

Gravel  (water-bearioff) _ __ 

Gravel  and  day ! 

Qay -_ , 

Clay  and  gravel t 

Gravel  (water-bearlnc) _ - ' 

Clay - ' 

Sand  (water-bearing) _ - _ | 

Clay - - - ' 


Feet. 


Feet. 

8 
16 
23 
38 
118 
175 
180 
200 
203 


Lund. — The  well  at  Lund,  completed  in  1903,  is  585  feet  deep. 
Flowing  water  was  encountered  at  five  horizons,  as  shown  by  the  fol- 
lowing log.  The  well  is  cased  with  12-inch  pipe  at  the  top,  but  this 
is  reduced  be^ow  to  10,  8,  and  finally  to  6  inches.  The  well  flows  20 
gallons  per  minute  and  when  pumped  yields  100  gallons  per  minute, 
with  a  temporary  depression  of  the  water  surface  of  less  than  20 
feet 


Record  of  the  San  Pedro,  Los  Angeles  and  Salt  Lake  Railroad  tcell  at  Lund. 


Thlcknesfl.  Depth. 


Sand 

Clay 1 

Gravel  (small  How) 

Coarse  gravel 

Hardpan  and  clay 

Quicksand 

Blue  day 

Sand 

Bed  day 

Blue  day 

Bed  rock. — 

Blue  day 

Qukkaand 

Qnea.  abate  rock 

Clay  and  sand .. — 

Sand  (small  flow) 

Blue  day 

Clay  and  sand 

Sand  (large  flow) 

CUy 

Sand 

Bed  day 

Very  fine  sand 

Bed  day 

Dark  day 

Bine  day 

Very  fine  sand 

Blue  day.. 


Feet. 


Fine  sand  (small  flow) 

Brown  day 

Sand 

Brown  clay 

Coarse  sand 

Coarse  gravd  (large  flow). 
Blue  day 


2 
4 
6 
4 

49 
4 

80 
4 

12 

150 

6 

70 

20 

10 

10 
8 

11 
8 

13 
3 
6 
2 
8 

10 
4 

14 
3 
2 
3 

19 
1 

23 

10 
2 


Feet. 
2 

6 
12 
16 
65 
69 
149 
158 
165 
324 
380 
400 
420 
48a 
440 
413 
454 
462 
475 
478 
484 
486 
494 
504 
508 
522 
525 
527 
530 
549 
550 
573 
583 
585 
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Thermo. — ^The  well  at  Thermo,  completed  in  1905,  is  401  feet  deep 
and  encountered  water  at  several  horizons.  It  is  cased  with  l:2-incL 
pipe  to  a  depth  of  337  feet.  During  a  pumping  test  the  well  supplied 
100  gallons  of  water  per  minute,  with  a  temporary  lowering  of  the 
water  surface  of  less  than  16  feet. 

Record  of  the  »San  Pedro,  Los  Angeles  and  Salt  Lake  Railroad  iceU  at  Thrrm^*. 


ThickiMaB.    Dept^. 


Feet.  reet. 

Soil .„. 

Fine  gravel 

Red  sand ___ ___ 

White  clay _. 

Fine  gravel  (water-bearlng)_._ i 

White  clay _ _ 

Red  clay _ __ _ _ __ _' 

Quicksand 

Red  clay _ _ _ 

Sand  and  clay _ _ 

Blue  day 

Sand _ _ _ J 

Clay - _ .„. 

Clay  and  gravel _ > 

Clay  and  sand _ _ _ _ 

Clay  and  gravel— >. i 

Sand — ._ ' 

Clay  and  gravel  (water-bearing) i 


5 

5 

5 

J? 

S 

li 

2.1 

^ 

s  . 

U 

51 

9u 

45 

1«0 

27  ' 

1^ 

13 

1» 

23  1 

a^> 

20 

•*»-^ 

10 

23LS 

9 

2« 

81  , 

275 

41 

SIA 

12 

3S& 

18 

Ml 

m 

401 

.Yeels, — The  well  at  Neels,  completed  in  1906,  is  1,998  feet  deep. 
Water  was  encountered  at  several  horizons,  as  indicated  in  the  fol- 
lowing log,  but  nowhere  under  pressure  enough  to  force  it  to  the 
surface.  All  of  the  water  is  said  to  have  been  hot,  and  steam  escaped 
freely  from  the  well  during  the  process  of  boring.  The  water  at 
every  horizon  was  found  to  be  of  poor  quality,  although  a  large 
quantity  was  obtained,  260  to  300  gallons  per  minute  being  pumped 
during  a  test  lasting  continuously  for  twenty-four  days.  This  test 
was  made  with  the  hope  that  continuous  pumping  would  clear  the 
well  and  improve  the  quality  of  the  water,  but  no  improvement  was 
shown.  An  attempt  was  then  made  to  sink  the  well  deeper  into  the 
granite,  but  the  rock  was  found  to  be  fractured  and  the  crevices  de- 
flected the  drill  laterally  and  otherwise  proved  so  bothersome  that 
the  well  was  abandoned. 

A  slight  amount  of  oil  was  found  at  several  horizons  in  this  well, 
and  gas  under  great  pressure  was  encountered  at  a  depth  of  1,802 
feet. 
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Hvt'^ird  of  the  San  Pedro,  Lou  Angeles  and  Salt  Lake  Railroad  Well  at  Neeh, 


Surface  soil _. 

Sedimentary  (alkali) 

rire  clay 

^V^ater-bearlng  quicksand __. 

Shale  and  ■oapstone. 

Rock  (nedimentary) 

"Water-bearing  quicksand 

Soaps  tone 

Soapatone  with  foasil  bowlders.. 

Water-bearing  quickBan<] 

nre  clay.. 

Slue  waxy  clay 

Gray  ahale  and  clay  mixed 

Oray  waxy  day.. 

r.ava  rock 

Blue  waxy  day 

Sedimentary  sandstone 

Blue  waxy  clay 

Water-bearing  quicksan<] 

Blue  waxy  day 

Water-bearing  quicksand _. 

Sedimentary  sandstone 

Yellow  day 

Water-bearing  quicksand 

TeOow  clay 

Blue  waxy  clay 

Ydlow  day 

Sedimentary  sandstone 

Blue  waxy  day 

Soapstone 

Blue  waxy  day 

Silt. 


Water-bearing  quicksand 

Yellow  day — 

Sedimentary  sandstone 

Ydlow  day — 

Blue  waxy  day — 

Yellow  clay 

Blue  waxy  day _ 

Blue  shale  (sand  mixed) 

Blue  waxy  clay _ 

Blue  shale 

Blue  shale  (sand  mixed);  yidded  hot  water- 
Red  shale.. 


Blue  shale.. _ - 

Red  shale — 

Blue  shale _ — 

Red  **  ked  "  stone 

Water,  sand,  gravel,  and  bowlders 

Sedimentary  sandstone,  brown __ _ __ — — .. 

Red  sandstone 

Red  shale,  burned — _. 

Trap  rock,  dark  brown — - - 

Red  shale,  burned - - 

Lava  rock  with  calcite  crystals — 

Red  sandstone 

Red  clay,  sticky _- — — 

Volcanic  deposit,  ash,  and  bowlders;  gas  under  pressure  sufficient  to  raise 

8,200  pounda  of  tools  400  feet — 

Bowlders,  cemented - - - — 

Cavity., 


Bowlders 

Cavity 

Granite  with  crevices  and  gas 


Thickness. 

Depth. 

Feet, 

Feet. 

4 

4 

5 

9 

M> 

49 

9 

58 

21 

79 

6 

85 

8 

88 

11 

09 

39 

138 

4 

142 

12 

154 

34 

188 

7 

195 

36 

231 

12 

243 

12 

255 

6 

261 

25 

286 

G 

292 

28 

320 

7 

827 

10 

337 

16 

353 

.      5 

358 

27 

385 

110 

495 

15 

510 

24 

534 

17 

551 

60 

601 

11 

612 

8 

620 

3 

628 

53 

076 

12 

688 

34 

?22 

117 

8i9 

9 

848 

210 

1,068 

18 

1.076 

i;» 

1.080 

45 

1,134 

71 

1.205 

12 

1.217 

70 

1.287 

24 

1,311 

28 

1,330 

6 

1,345 

70 

1,415 

35 

1,450 

95 

1.515 

35 

1.580 

36 

1,616 

56 

1,672 

14 

1,686 

68 

1.754 

48 

1,802 

105 

1,907 

6 

1,913 

9 

1,922 

22 

1,944 

6 

1,950 

48 

1,998 

Oasis. — The  well  at  Oasis,  completed  in  1905,  is  656  feet  deep  and 
is  cased  with  12-inch  pipe  to  a  deptli  of  73  feet,  below  which  10-inch 
casing  extends  to  the  bottom  of  the  well.  Water  under  pressure 
sufficient  to  cause  it  to  flow  at  the  surface  was  encountered  at  ten 
different  horizons,  and  there  seems  to  be  an  unusual  quantity  of  water 
present.  During  a  pumping  test  the  well  supplied  200  gallons  per 
minute,  with  a  temporary  depression  of  the  water  surface  of  only 
3693— IBB  217—08 3 
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3  feet.  At  no  horizon,  however,  was  the  water  found  to  be  suitable 
for  boiler  purposes.  A  drinking  water  of  good  quality,  prized  for 
its  mineral  qualities,  occurs  at  a  depth  of  350  feet,  and  the  casin«r 
was  shot  off,  so  that  the  present  flow  of  80  gallons  per  minute  corner 
entirely  from  this  depth.  The  drinking  water  used  on  the  dining 
cars  and  in  the  oflices  of  the  railroad  is  supplied  by  this  well. 

RevAtrd  of  the  tian  Pedro,  Loa  Angeles  and  Halt  Lake  Railroad  tcell  at  Oa^Uu 


Thfeknen.    Depth. 


Soil 

Baud 

Blue  day. 
SariiL. 


Feet. 


Feet. 


Lime  and  ahellii-. 

Quicksand 

Blue  day 

Sand 

Blue  day— 

Bed  day 

Sana. 

Blue  clay 

Bed  clay 

Sand.. 


Sandstone.. 
Blue  day- 
Sand. 

Red  day- 


Blue  day 

Quicksand 

Olay  and  sand... 

Black  sand. 

Clay  and  gravel. 
Olay.. 


Oemonted  rravd- 
Soft  sandstone... 
Olay.. 


Rock 

Olay— 

White  day.. 


8 

? 

S 

11 

49 

an 

10 

m 

» 

m 

45 

liT 

40 

1«- 

5 

170 

W 

190 

45 

XSi 

15 

3f» 

m 

S710 

K 

S9S 

IS 

4» 

4 

4li 

68 

*m 

11 

49! 

9 

sea 

27 

527 

S 

591 

29 

5» 

S 

50! 

13 

5T.S 

n 

S# 

la 

610 

7 

617 

6 

623 

2 

635 

15 

640 

16 

6M 

Li/nn, — The  well  at  Lynn,  completed  in  1905,  is  235  feet  deep  and 
is  cased  with  12-inch  pipe  to  a  depth  of  225  feet.  The  water  does 
not  flow  at  the  surface,  but  has  been  pumped  at  the  rate  of  90  gallons 
per  minute. 

Record  of  the  San  Pedro,  Lou  Angcleft  and  Salt  Lake  Railrtmd  well  at  Ljfnn, 


Clay 

Gravel-.- 

Sand 

Sand  and  gravel 

Sand 

Blue  day 

Blue  sandy  day,  water  bearing 

Sand... 

Coarse  gravel,  water  bearing.. 




Thickness. 
Feet. 

.g 

12 
10 
» 
05 
60 
10 
10 

Depth. 

Feet. 

8 

18 

JO 

40 

- 

60 
153 

215 

225 

235 

STATISTICS   OF   DEEP    WELLS. 


The  following  table  comprises  such  information  in  regard. to  the 
deep  wells  of  Beaver  Valley  as  can  be  conveniently  presented  in  this 
form: 
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Water-heariiifj  rnatenal. — ^The  material  near  the  surface  of  the 
Beaver  Lake  beds  consists  mainly  of  coarse  sand  and  gravel  and 
is  but  slightly  consolidated.  Some  of  it  is  made  up  of  sand  and 
rounded  pebbles,  presumably  lake  sediments,  deposited  before  Beaver 
basin  was  drained  by  the  down  cutting  of  the  river  in  the  canyon  at 
Minersville,  and  some  of  it  is  coarse  and  subangular,  deposited  by  the 
streams.  In  some  places  the  gravels  are  exposed  at  the  surface  over 
considerable  areas  and  in  others  they  are  covered  with  a  thin  veneer 
of  soil.  In  no  place  observed  had  soil  or  silt  accumulated  to  any 
great  depth.  The  wells  are  nearly  all  in  gravel,  as  illustrated  in 
Mr.  Boyter's  well,  a  record  of  which  is  given  below : 

Record  of  A,  Boyter'n  wrll,  Beaver, 


Thickness.   Depth 


1      Feet. 
1 

Fed. 
1 

J                 24 

23 

2 

27 

_ 24 

51 

1 

fiS 

Soil - _ 

Oravel. _ 

Clay 

Gravel 

Sand _ 

The  abundance  of  unconsolidated  gravel  near  the  surface  and  the 
scarcity  of  surface  soil  are  due,  in  part  at  least,  to  the  steep  grade  of 
the  streams,  causing  current  velocities  that  preclude  the  possiblity 
of  deposition  of  the  finer  materials.  The  gravels  exposed  at  the  sur- 
face allow  the  rain  water,  the  stream  water,  and  the  irrigation  water 
to  sink  readily  into  the  ground  and  the  absence  of  fine  material  from 
the  gravel  beds  makes  it  possible  for  water  to  move  rapidly  through 
them. 

Where  the  Beaver  Lake  beds  are  exposed  to  view  through  any  con- 
siderable thickness,  as  in  the  bench  south  of  Beaver  and  in  similar 
exposures  to  the  east  and  north,  they  are  found  to  contain  a  much 
greater  proportion  of  fine  material  than  is  encountered  in  digging 
wells  in  the  center  of  the  valley.  This  is  probably  due  to  the  varying 
conditions  under  which  the  material  was  accumulated.  The  older 
parts  of  the  Beaver  Lake  beds  were  laid  down  in  Beaver  Lake,  and 
coarse  and  fine  materials  were  deposited  together.  When  the  lake 
ceased  to  exist  because  of  the  filling  with  sediment  on  the  one  hand 
and  the  down  cutting  of  the  outlet  between  Adamsville  and  Miners- 
ville on  the  other,  the  river  deposited  only  the  coarser  material  within 
Beaver  Basin,  carrying  the  finer  material  through  the  outlet  to  form 
part  of  the  Lake  Bonneville  beds  of  the  Escalante  Desert.  There  is 
furthermore  ample  evidence  in  Beaver  basin,  as  in  other  places 
throughout  the  semiarid  region  of  western  America,  that  varied  con- 
ditions of  erosion  and  deposition  have  prevailed  during  recent  geo- 
logic time.     The  streams  were  sometimes  depositing  sand  and  gravel 
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and  building  up  the  floors  of  the  valleys  and  at  other  times  eroding 
away  the  material  previously  laid  down.  Both  operations  have  had 
a  tendency  to  cause  coarse  material  to  accumulate  in  the  center  of  the 
valley.  While  the  river  was  building  up  its  valley,  the  finer  sedi- 
ments were  carried  through  to  Escalante  Bay  and  the  coarser  material 
was  dropped  within  the  basin.  On  the  other  hand,  while  the  river 
was  eroding,  it  worked  over  the  sediments  previousy  deposited  in 
Beaver  Basin,  bearing  away  such  material  as  it  was  able  to  carry  and 
leaving  the  heavier  rock  fragments.  In  this  way  the  coarser  material 
accumulated  in  the  center  of  the  valley  both  by  direct  deposition  and 
by  surface  concentration  of  the  gravels. 

West  of  Minersville,  however,  a  different  set  of  conditions  pre- 
vailed. The  water-bearing  materials  there  are  the  lake  sediments  of 
the  Lake  Bonneville  beds.  The  river  has  deposited  comparatively 
little  sediment  and  there  has  been  practically  no  erosion  since  the 
beds  were  formed.  The  sediments  in  the  midst  of  the  desert,  ex- 
tending from  the  surface  to  some  unknown  depth,  consist  of  clay, 
sand,  and  fine  gravel,  as  shown  by  the  well  records  previously  given; 
along  the  margins  they  consist  of  coarser  material  derived  from  the 
neighboring  hills.  Since  the  Lake  Bonneville  beds  are  lake  deposits, 
the  various  layers  are  presumably  persistent  over  considerable  areas. 
For  these  reasons  the  waters  are  mainly  artesian  and  the  surface  wa- 
ters of  comparatively  little  importance,  as  stated  in  the  description  of 
the  deep  wells  of  the  Milford  district. 

Changes  in  water  level, — On  account  of  the  coarseness  and  uncon- 
solidated condition  of  the  gravels  in  Beaver  Basin,  the  water  moves 
readily  through  them  and  great  changes  of  level  are  caused  at  dif- 
ferent times  of  the  year.  During  the  winter  much  of  the  precipita- 
tion is  retained  in  the  mountains  in  the  form  of  snow  and  little  water 
is  spread  over  the  land  for  irrigation.  There  is,  therefore,  in  this 
season  a  minimum  contribution  to  the  underground  supply  and  a 
general  low-water  condition  prevails  in  the  shallow  wells,  the  lowest 
stage  being  reached  in  February.  In  the  spring,  however,  the  melt- 
ing snow  supplies  large  volumes  of  water  to  the  streams,  and  this 
in  turn  is  not  only  spread  over  the  land  for  irrigation  purposes,  but 
great  quantities  find  their  way  into  the  gravels,  raising  the  level  of 
the  underground  water,  which  reaches  its  highest  stage  in  July.  The 
extreme  difference  in  level  is  variously  reported,  as  shown  under  "  Re- 
marks "  in  Table  4  (pp.  38-39),  the  greatest  variation  of  water  level 
being  42  feet. 

This  rise  of  the  underground  water  causes  serious  damage  in  the 
lowlands,  especially  during  seasons  of  more  than  ordinary  rainfall, 
such  as  the  summer  of  1906.  During  the  writer's  investigations  in 
Beaver  Valley  from  July  to  September  of  that  year  the  lowlands 
of  the  valley  were  in  a  boggy  condition  approaching  that  of  a  swamp. 
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Fields  were  observed  with  crops  that  could  not  be  harvested  because 
of  the  swampy  condition.  Roads  were  rendered  impassable  and  ani- 
mals were  mired  on  land  which  had  formerly  been  dry.  In  the  town 
of  Beaver  many  of  the  dooryards  were  swampy  and  water  filled  the 
cellars  and  flowed  freely  from  the  dug  wells,  which  during  the  win- 
ter have  water  only  at  depths  of  25  or  30  feet.  Many  of  the  streets 
were  impassable,  and  a  general  unhealthful  condition  prevailed 
throughout  the  town.  The  area  within  the  town  that  was  made  more 
or  less  swampy  by  the  return  waters  during  July,  1936,  is  shown 
in  fig.  3  (p.  48).  The  long  arm  shown  on  this  map  extending 
northward  to  the  Beaver  cemetery  is  due  to  the  irrigation  of  the 
gravel  bench  east  of  the  town,  the  return  waters  issuing  at  the  foot  of 
the  bench. 

CHEMICAL  CHARACTER  OF  WATERS. 
METHODS  OF  DETERMINATION. 

A  chemical  outfit  for  determination  of  some  of  the  principal  ele- 
ments contained  in  ordinary  waters  was  taken  to  Beaver  Valley,  and 
a  large  number  of  the  waters  were  tested.  These  field  assays,  though 
much  less  accurate  than  those  made  in  the  laboratory,  give  a  fairly 
adequate  conception  of  the  chemical  character  of  the  waters.  Al- 
though they  are  not  sufficiently  exact  to  be  relied  on  for  the  minor 
differences  in  character,  the  major  differences  are  plainly  brought  out, 
as  will  be  observed  by  an  inspection  of  the  various  tables  that  follow. 

In  addition  to  the  fi^ld  assays,  laboratory  analyses  were  obtained 
from  three  sources:  (1)  samples  of  water  were  sent  to  the  laboratory 
of  the  United  States  Geological  Survey  and  analyzed  by  W.  M.  Barr, 
of  the  water  resources  branch;  (2)  sanitary  analyses  of  four  samples 
of  water  were  made  by  Herman  Harms,  of  Salt  Lake  City,  State 
chemist  of  Utah ;  and  (3)  the  analyses  of  water  used  by  the  San  Pedro, 
Los  Angeles  and  Salt  Lake  Railroad  have  been  kindly  furnished  for 
this  report  by  E.  (}.  Tilton,  chief  engineer  of  the  road. 

STREAMS. 

The  waters  of  the  streams  at  their  points  of  issuance  from  the  hills 
are  very  pure.  Farther  down  the  valley  they  become  more  highly 
charged  with  saline  matter,  as  shown  by  the  assays  in  Table  5.  The 
chlorine  of  Beaver  River,  for  example,  increases  from  9  to  53  parts  in 
a  million  parts  of  water  between  the  mouth  of  the  canyon  and  Miners- 
ville,  a  distance  of  only  17  miles.  There  is  also  a  marked  change  to- 
ward alkalinity,  the  carbonates  increasing  from  71  to  225  parts  in  the 
same  distance.  It  is  furthermore  to  be  noted  that  the  alkaline  car- 
bonates (sodium  carbonate  and  potassium  carbonate),  which  are  not 
contained  in  the  waters  as  they  issue  from  the  hills,  are  present  farther 
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downstream.  This  is  probably  caused  by  the  entrance  of  seepage  or 
return  waters  that  are  more  highly  charged  with  salts  than  the 
streams.  The  spring  waters  of  the  valley  are  also  more  saline  than 
the  streams  and  contribute  in  some  measure  to  the  increasing  salinity 
toward  the  lower  parts  of  the  valley. 

Table  5. — Field  (ugaya  o/atream  wcUers. 
[PArts  per  million.] 


SOUVM. 

Location. 

& 

1' 

ll 

< 

Co 

QQ 

k 

e 

Beaver  River 

4  milefl  east  of  Beaver 

0 
0 
0 
0 
0 
0 

Tr. 
0 
0 
0 
0 
0 

Tr. 

Tr. 
0 

71 

208 

182 

71 

61 

71 

203 

71 

253 

263 

122 

240 

410 

240 

232 

0     <36 

21    <a5 

43     <35 
0     <35 
0     <35 
0    '^as 

42 
160 

"is" 

9 

Do 

QreenviUe 

30 

Do 

Mhiersville 

53 

f^ftni^l..       ,      , 

Beaver 

15 

North  Craek 

North  of  Beaver 

3 

North  Creek  Canal 

do 

10 

North  Cieek 

Qxeenvllle 

0 

11 

0 
0 
0 
0 
0 
0 

<35 
<35 
<35 
68 
<35 
<3.> 
<35 
<36 
0 

39 

South  Creek 

South  of  Beaver 

4 

Seepage 

Beaver 

65 

iSS! ::::::..:: 

Seo.  21.  T. »  B..  R.  7  W . . 

247 

Do 

do 

25 

Seepage  (Sly,  T.J.) 

Seepage  (Griffiths,  T.  M.). . . . 

Sec  »,  T.  38  8.,  R.6  W 

95 

Sec.  30,  T.  29  S.,  R.  8  W 

'43 

Sec.  20,  T.  20  8..  R.  7  W .     .   . 

91 

Do 

Sec.  10,  T.  29  8.  R.  7  W 

19 

SPRINGS. 

Laboratory  analyses 'were  made  of  the  waters  of  three  springs,  as 
previously  described  (pp.  20,  21),  and  field  assays  were  made  of  15,  as 
shown  in  Table  6.  The  same  change  in  character  found  in  the  stream 
waters  is  seen  also  in  the  springs,  the  waters  being  purer  in  the  upper 
parts  of  the  valley  than  farther  down.  The  average  chlorine  in  the 
spring  waters  in  the  Beaver  district  is  19  parts  per  million,  in  the 
Greenville  district  39,  and  in  the  two  springs  examined  near  Miners- 
ville  a  still  greater  amount.  The  alkalinity  increases  from  159  parts 
per  million  near  Beaver  to  191  near  Greenville  and  much  greater 
amounts  at  Minersville.  This  increase  in  salinity  is  evidently  caused 
by  the  passage  of  the  water  through  the  sands  and  gravels  of  the 
Beaver  Lake  beds  and  by  the  leaching  of  the  land  through  irrigation. 
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DEEP    WELL8. 

Field  assays  were  made  of  the  waters  of  36  deep  wells.  In  gen- 
oral  these  show  greater  quantities  of  dissolved  solids  than  the  springs 
and  shallow  wells.  The  average  chlorine  in  the  deep  wells  near 
Beaver  is  51  parts  in  a  million  parts  of  water,  and  the  average  alka- 
linity 251.  For  the  Greenville  region  the  average  chlorine  is  44  and 
the  alkalinity  288,  for  the  Adamsville  region  the  average  chlorine  is 
63  and  the  average  alkalinity  255,  for  the  Minersville  region  the 
average  chlorine  is  266  and  the  average  alkalinity  328.  A  statement 
of  averages  in  the  Milford  region  would  be  misleading.  The  waters 
are  very  pure  at  Milford  and  very  saline  in  Beaver  Bottoms,  where 
the  chlorine  content  reaches  a  maximum  of  1,787  parts  per  million. 
The  chlorine  occurs  in  these  waters  in  the  form  of  common  salt 
(NaCl)  and  gives  them  a  strong  brackish  taste.  Exact  analyses 
were  made  of  the  waters  from  two  of  the  wells  in  the  Milford  dis- 
trict— the  Milford  town  well  and  J.  C.  White's  well  at  Beaver  Bot- 
toms.    (See  Table  9,  p.  50). 

SHALLOW    WELLS. 

Field  assays  of  waters  from  the  shallow  wells  are  giv^n  in  Table 
4  (pp.  38-39).  .From  this  table  it  appears  that  the  wate^  are  varia- 
able  in  character  and,  like  those  of  the  streams,  springs,  and  deep 
wells,  increase  in  salinity  toward  the  west,  or  away  from  the  source 
of  supply. 

It  is  noteworthy  in  this  connection  that  the  samples  were  taken 
during  a  time  when  the  water  was  high,  in  many  places  overflowing 
the  wells.  The  salt  content  is  therefore  much  less  than  it  would  have 
been  at  a  time  of  low  water.  This  is  shown  by  the  several  assays 
made  of  water  from  J.  F.  Jones's  well,  in  Beaver,  given  below.  The 
water  was  flowing  from  the  top  of  the  well  August  2,  when  the  first 
sample  was  taken.  August  24  it  had  fallen  about  1  foot  and  no 
longer  flowed  from  the  well.  September  11  the  water  surface  was 
6  feet  below  the  top  of  the  well.  The  figures  here  given  are  perhaps 
.sufficient  to  show  that  during  the  lowest  stage  the  water  of  some  of 
the  wells  might  be  very  unhealthful. 

Field  assays  of  water  from  J.  F,  Joneses  tceU,  Jones  Hotel,  Beaver, 
[Parts  per  mlUion.    Analyst.  Herman  Harms.] 


Iron  (Pe) - — - — 

Total  alkalinity  as  CaCOs.. 

Alkaline  carbonates 

Sulpbate  radicle  (SO«) 

Chlorine  (01) 
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BEAVEU    WELLS. 

The  variability  in  character  of  water  in  shallow  wells  is  best  illus- 
trated by  the  wells  of  the  town  of  Beaver,  where  samples  were  taken 
at  no  great  distance  apart  and  on  the  same  day.  Although  a  town 
of  considerable  size,  Beaver  has  no  water  system  and  no  sewers. 
The  people  depend  for  drinking  water  almost  entirely  on  wells, 
most  of  them  shallow  and  open.  The  town  is  the  center  of  an  agri- 
cultural district  and  according  to  the  general  custom  in  that  part  of 
the  country,  the  ranchmen  live  in  the  town,  driving  their  herds  into 
the  town  at  night  and  out  of  it  to  pasture  in  the  morning. 

Beaver  is  located  in  the  center  of  the  valley,  where  the  land  con- 
sists mainly  of  beds  of  unconsolidated  gravel  covered  with  scanty 
soil.  There  is  little  to  prevent  surface  contamination  from  entering 
directly  into  the  wells,  and  apparently  the  only  reason  for  the  water 
being  in  any  measure  fit  for  domestic  use  is  that  the  open  condition  of 
the  gravels  allows  the  underflow  to  pass  rapidly  through  them,  thus 
keeping  them  in  some  degree  cleansed  and  free  from  impurities  which 
might  otherwise  produce  serious  consequences. 

The  contamination  is  strikingly  shown  by  the  assays  given  in  Table 
7.  Several  factors  should  be  carefully  considered  in  interpreting 
this  table.  The  water  samples  were  taken  during  the  highest  stage 
of  the  underground  waters,  a  time  when  they  contain  the  least  quan- 
tity of  saline  matter.  During  the  lower  stages  some  of  these  same 
waters  are  reported  unfit  for  use.  The  river  water,  which  is  the 
principal  source  of  the  underflow  at  Beaver,  is  very  pure,  as  shown  by 
the  assay  of  water  taken  4  miles  upstream.  This  assay  is  placed  at 
the  head  of  Table  7  for  comparison.  The  high  chlorine  content 
shown  by  most  of  the  assays  can  not  be  ascribed  to  residual  salt 
(NaCl)  in  the  sediments  of  the  Beaver  Lake  beds,  in  the  case  of  the 
shallow  wells,  for  the  obvious  reason  that  the  river  and  irrigation 
waters  flowing  through  them  are  less  saline  than  that  of  the  wells  and 
tend  continually  to  freshen  the  underground  waters. 

The  only  adequate  explanation  of  the  large  quantities  of  the  va- 
rious salts  in  the  well  waters  is  that  they  are  due  to  surface  contami- 
nationi*  This  explanation  is  confirmed  by  the  variable  amounts  of 
chlorine  shown  by  the  assays.  The  chlorine  is  probably  present  in 
the  form  of  common  salt  (NaCl)  and  is  the  element  that  shows  sur- 
face contamination  most  clearly.  The  table  is  arranged  to  corre- 
spond with  the  map  of  Beaver  (fig.  3),  and  the  numbers  in  the  first 
column  correspond  with  the  location  numbers  on  the  map.  From  an 
inspection  of  the  table  and  map  it  appears  that  wells  only  a  few  rods 
apart  vary  greatly  in  the  quantity  of  chlorine,  the  minimum  amount 
being  18  and  the  maximum  303  parts  in  a  million  parts  of  water. 
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Table  7. — Field  anmun  of  tcell  waters  in  Beaver. 
[Parts  per  million.] 


No. 

on 

fl£.  8. 


Owner. 


Beaver  Biver.  4  miles  east  of  Beaver.. 

Stony.  F.  J _ 

Wolfenden.  O _ 

Smith,  Seth  W 

Okenden.  C 

Burt,  Wm 

Mulr.  Jno.  J _ 

Pamsworth.  W.  H _ 

Owens,  G.  E _ 

Barrachoueh.  J_ 

Harris.  L.  H 

Harris.  Lydla 

Harris.  H 

Brooks.  John.- 

Atkins.  Alice. 

Morgan,  Ed 

Lawrence,  A.  L-_ _ 

Swindelhurst.  E.  H 

Wllden.  E _ 

Robinson.  Eliza.  — 

Goodwin,  I.  S 

Houd.  S.  F - 

Manhardt,  W.  M 

Jones.  J.  F .* _ _. 
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Fio.  3. — Map  of  Beaver,  showing  seepage  area  and  location  of  wells  Included  in  Table  7. 
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SANITARV  ANALYSES. 


On  account  of  the  obviously  unhealthful  conditions  affecting  the 
waters  of  Beaver,  four  samples,  taken  September  1,  1906,  were  sent 
to  Herman  Harms,  of  Salt  Lake  City,  State  chemist  of  Utah,  for 
sanitary  analysis.  The  samples  represent  the  principal  sources  of  the 
water  used  for  domestic  purposes  in  Beaver.  The  results  of  Mr. 
Harms's  analyses  are  given  in  Table  8.  In  commenting  on  them 
he  unqualifiedly  condemns  the  waters  as  unsuitable  for  domestic 
purposes. 

Table  8. — Sanitary  analynes  of  Beaver  waters, 
[Parts  per  million.     Analyst,  Herman  Harms.] 


Depth - leet- 

Odor 

Odor  on  heating - 

Nitrate*  (diphenylamine  reaction) _ 


NitrlteB  (Greiaa-Islosvay  reaction): 

Gold. - 

Heated  to  175'  P 

Hydrogen  Bulphide  (HsS) 

Alkaline  snlpbides 

Metallic  imparltiea — 

Total  dissolved  solids  at  212'  F 

Caldum  chloride  (CaOls) 

Magnesium  chloride  (MgOI-j) 

Volatile  matter .— 

Mineral  matter- _-. 

Chlorine  (01) 

Common  salt  (NaOl) 

Free  ammonia. 

Albaminokl  ammonia 

Oxygen  consumed 


Canal  at 
Stake  Acad- 
emy building. 


Stream. 

Faint. 

Pronounced. 

Trace. 


Faint. 
Trace. 

0 

0 

0 
409 

0 

0 

75 
354 

8 

13 


.22 
7.12 


Open  well 

DriUed  well 

Dug  well 
(J.F. 
Jones. 

hotel). 

(Wm.  Thom- 
as. Jr.). 

(J.  F.  Tol- 
ton). 

46 

02 

21 

Slight. 

Faint. 

Marked. 

Pronounced. 

Pronounced. 

Decided. 

Abund  ant 

Trace. 

Abundant 

traces. 

traces. 

Abundant. 

Trace. 

Abundant. 

Abundant. 

Decided  traces. 

Abundant. 

1                   0 

0 

0 

0 

0 

0 

0 

0 

0 

420 

880 

633 

0 

0 

0 

0 

0 

0 

80 

88 

173 

339 

317 

459 

83 

53 

70 

1                   55 

87 

115 

.14 

.05 

.16 

;          .19 

.12 

.35 

1                     3.00 

1.60 

5.38 

OTHER    EXACT    ANALYSES. 


Six  samples  of  water  were  sent  to  W.  M.  Barr,  of  the  United 
States  Geological  Survey,  for  laboratory  analysis.  Three  of  these 
were  from  springs  and  three  from  wells.  Of  the  springs  one  is  acid 
water  from  the  Cove  Creek  sulphur  beds;  one  from  Roosevelt  Hot 
Spring,  on  the  western  slope  of  the  Mineral  Mountains,  the  waters 
of  which  are  supposed  to  have  valuable  medical  properties;  and 
one  from  the  group  of  warm  springs  near  Thermo.  The  samples 
from  the  wells  were  selected  to  represent  the  shallow  wells  of  the 
Beaver  region  (Jones's  well),  the  artesian  wells  of  the  Milford  dis- 
trict (Milford  town  well),  and  the  artesian  wells  of  Beaver  Bottoms 
(J.  C.  White's  well).     The  analyses  are  as  follows: 
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Several  analyses  of  water  used  by  the  Sau  Pedro,  Los  Augeles  and 
Salt  Lake  Raibroad  have  been  made  by  Herman  Harms,  State  chem- 
ist of  Utah.  The  analyses  were  made  with  reference  to  the  use  of 
the  waters  for  boiler  purposes.  The  results  are  given  by  Mr.  Harms, 
in  grams  per  United' States  gallon,  in  the  form  of  combined  salts,  but 
are  here  reduced  to  parts  per  million  and  to  the  ionic  form  in  accord- 
ance with  present  usage  of  the  United  States  Geological  Survey. 

Tablk  10. — AfMlyaes  of  tcatera  from  deep  wells  of  San  Fedro,  Los  Anyvlvs 

and  Salt  Lake  Railroad. 

{Chemical  determinatloiis  In  parti  per  million.     Analyst,  Hermun  Harmii.] 


Location. 


Beo'l 

Lund  (No.1).. 
Land  (No.  2) «. 

Thermo 

Milfoid 

NeelsCNo.  1).. 
Neel8<No.2).. 
Neelfl(No.8).. 


Feet. 
207 

401 

806 

1,882 

1,896 

1,974 


o  . 

I 


ft-     I 


2*3 -< 

g  r 

ISg 


844  61 

486  64 

617  68 

689  161 

880  90 

8,886  I      48 

8,846  870 

2,888  89 


49 
160 
140 
244 
187 
644 
488 
686 


>    a 


<    S 


1 


I     ! 

1^  ; 

f    I 


2 

•  44 

12 

27 

4 

29 

18  , 

46 

4 

46 

16 

62 

10 

82 

15 

67 

8 

47 

10  , 

8 

14 

284 

S  ; 

296 

18 

197 

16 

691 

10 

a.| 

6  ' 

662 

72  1 

78  i 
98  ' 
84  , 
61  I 
20  I 
36 
26  ; 


29 
28 
2 

4 

0 

658 

472 

468 


48 

70 

80 

87 

12 

al,065 

1,063 

fr863 


■  Samples  taken  after  pumping  190  hours  at  75  gallons  per  minute. 
6  Samples  taken  after  pumping  38  hours. 

POSSIBILITIES  OF  DEVELOPMENT. 

SURFACE   WATERS. 

The  surface  waters  used  at  the  present  time  for  iirigation  in 
Beaver  basin  might,  by  proper  manipulation,  be  made  to  serve  a 
greatly  increased  acreage  with  no  loss  to  the  land  now  irrigated,  and 
even,  in  the  case  of  tracts  that  ai^e  being  impaired  by  the  iLse  of  too 
much  water,  with  notable  benefit  to  that  land.  The  distribution  of 
irrigation  water  at  the  present  time  is  not  under  the  suj^)ervision  of 
any  public  official,  and  is  wanting  in  adequate  central  control  of  any 
kind.  An  eflfort  on  the  part  of  the  community  to  bring  about  the 
passage  and  enforcement  of  some  law  providing  for  the  equitable 
distribution  of  water  would  undoubtedly  result  in  a  great  improve- 
ment of  present  conditions. 

i;  N  DERGROU  N  D    WATERS. 


Drainage. — The  conditions  brought  about  l)y  the  behavior  of  the 
underground  water  in  Beaver  basin  have  become  serious  and  are  ap- 
parently growing  worse  year  after  year.  According  to  report,  the 
swampy  areas  caused  by  the  midsummer  rise  of  the  water  are  increas- 
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iiig  in  size,  and  during  the  summer  of  1906  roads  and  city  streets  that 
had  never  before  been  affected  were  rendered  impassable,  and  dwell- 
ings that  heretofore  had  been  regarded  as  safe  became  uninhabitable. 

An  effort  has  been  made  by  some  of  the  citizens  of  Beaver,  who 
realize  the  serious  consequences  to  health  likely  to  result  from  these 
conditions,  to  secure  public  action  in  draining  the  town  or  otherwise 
disposing  of  the  superfluous  water,  but  up  to  the  time  of  the  present 
writing  nothing  has  been  accomplished.  The  comparatively  steep 
grade  of  the  valley  floor  renders  such  drainage  possible  not  only  for 
the  towns,  but  for  much  of  the  land  which  is  now  useless  during  the 
latter  part  of  the  summer.  It  is  probable,  however,  that  the  water 
might  be  controlled  more  effectively  and  economically  in  other  ways. 

Pumping  plant8. — In  many  parts  of  the  country  where  conditions 
.similar  to  those  of  Beaver  Valley  prevail,  pumping  water  for  irriga- 
tion has  proved  more  satisfactory  in  many  ways  than  obtaining  it 
by  means  of  seepage  ditches,  and  in  view  of  the  favorable  conditions 
in  Beaver  basin  it  is  probable  that  the  establishment  of  a  large  num- 
ber of  pumping  plants  would  not  only  serve  the  same  purpose  as 
expensive  drainage  systems  in  satisfactorily  disposing  of  the  over- 
abundant underground  water,  but  w-ould  render  the  water  thus  ob- 
tained more  useful,  since  it  could  be  better  controlled  and  placed 
where  it  is  most  desired  for  irrigation. 

The  underground  conditions  in  Beaver  basin,  so  far  as  they  are 
know^n,  are  very  favorable  for  the  operation  of  pumping  plants. 
although  no  pumping  experiments  have  ever  been  made  there.  The 
gravels  are  coarse  and  unconsolidated  and  the  water  moves  througli 
them  with  great  readiness,  as  evidenced  by  the  unusual  yearly  fluctua- 
tion of  the  water  level  within  them.  The  lift  would  be  small,  since 
the  water  in  summer  reaches  the  surface  of  the  ground  over  a  large 
area.  It  is  furthermore  to  be  noted  in  this  connection  that  the  under- 
grovnid  water  reaches  its  maximum  height  during  the  summer — ^a 
fact  especially  favorable  to  the  use  of  pumps,  since  the  available 
quantity  of  water  is  greatest  and  the  lift  least  during  the  time  when 
the  water  is  most  needed  for  irrigation. 

It  should  further  be  borne  in  mind  that  in  the  spring  and  early 
summer,  when  the  maximum  amount  of  water  is  carried  by  the 
streams,  the  underground  water  is  moderately  low.  Later  in  the 
summer,  when  the  streams  are  low,  the  underground  waters  attain 
their  maximum  volume.  The  increase  in  volume  of  the  undergi'ound 
waters,  although  not  coincident  in  time  with  the  increase  in  volume 
of  the  streams,  is  primarily  due  to  the  increase  in  stream  volume  and 
secondarily  to  the  use  of  the  stream  waters  for  irrigation.  The 
lagging  in  effect  is  due  to  the  obstruction  offered  by  the  sands  and 
gravels  to  the  passage  of  the  water  through  them.  The  rain  waters, 
irrigation  waters,  and  stream  waters  enter  the  ground  wherever  it 
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is  porous  enough  to  allow  them  to  pass  and  gradually  work  their  way 
down  the  valley,  not  in  definite  or  well-defined  underground  chan- 
nels, as  is  often  believed,  but  as  a  general  sheet  saturating  the  sands 
and  gravels  of  the  valley  filling.  The  coarser  the  material  the  faster 
^will  be  the  movement ;  hence  there  may  be  courses  through  the  valley 
filling  along  which  the  water  moves  more  rapidly  than  along  others, 
but  these  can  not  be  considered  as  underground  channels.  The  water 
entering  the  valley  filling  at  the  upper  end  of  the  valley  works  its 
way  slowly  downward,  as  a  general  saturation  of  the  sands  and 
gravels,  the  maximum  volume  reaching  a  given  point  long  after  the 
time  of  maximum  volume  of  the  surface  waters.  Thus  in  Beaver 
basin  the  surface  waters  attain  their  maximum  volume  during  May 
and  June  and  the  underground  waters  during  July  and  August. 

To  judge  from  experience  in  other  places  where  large  quantities 
of  water  are  pumped  for  irrigation,  wells  might  be  constructed  in 
Beaver  basin  similar  to  those  extensively  used  in  southern  California 
and  in  the  Salt  River  Valley  of  Arizona,*  with  casing  perforated 
from  top  to  bottom,  since  the  gravels  are  sufficiently  coarse  to  act 
as  strainers,  and  by  means  of  centrifugal  pumps  such  wells  might  be 
made  to  yield  large  quantities  of  water.  It  is  within  conservative 
limits  to  state  that  a  single,  properly  constructed  12-inch  well,  100 
feet  or  less  in  depth,  would  easily  yield  1,000  gallons  of  water  per 
minute,  a  quantity  more  than  sufficient  to  irrigate  the  average-sized 
ranch  in  Beaver  Valley. 

For  the  economic  use  of  pumps  for  irrigation  a  convenient  source 
of  power  is  necessary.  This  is  being  provided  for  Beaver  Valley. 
The  Telluride  Power  Company  has  undertaken  the  construction  of  a 
large  electric  plant  in  Beaver  Canyon,  known  locally  as  the  Puffer 
Lake  site,  and  the  work  of  construction  was  begun  during  the  autumn 
of  1906.  The  main  object  of  the  company  is  to  produce  power  for 
use  at  the  mines  in  the  vicinity  of  Beaver  Valley,  but  one  of  the  trans- 
mission lines  will  pass  through  Beaver  Basin,  and  power  for  pump- 
ing can  probably  be  furnished  at  rates  much  cheaper  than  it  can  be 
produced  in  any  other  way. 

Since  no  development  of  the  underground  waters  of  Beaver  Basin 
has  been  effected,  there  is  no  information  at  hand  by  which  their 
available  quantity  can  be  estimated,  but  to  judge  from  the  quantities 
pumped  in  Salt  River  Valley,  Arizona,  in  southern  California,  and  in 
other  places  where  the  underground  conditions  are  similar  to  those  in 
Beaver  Basin,  many  hundreds  of  acres  might  be  irrigated  with 
pumped  water  in  this  valley.  The  writer  is  of  the  opinion  that  with 
the  proper  conservation  and  distribution  of  the  surface  waters,  as 
previously   suggested,    and   the   development   of   the   underground 

•I^ee,  W.  T.,  Under{?round  waters  of  Salt  River  valley,  Arizona:  Waters-Sup.  and  Irr. 
Paper  No.  136,  U.  8.  Oeol.  Survey,  1905. 
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waters,  the  acreage  of  cultivated  land  in  Beaver  Valley  mig^ht  easily 
be  doubled. 

Artesian  conditions, — Water  occurs  under  sufficient  pressure  in 
both  the  Beaver  Lake  and  the  Lake  Bonneville  beds  to  produce  flow- 
ing wells.  In  the  Beaver  Lake  beds  the  flow  is  probably  due  to  the 
comparatively  steep  gradient  of  the  surface  of  the  underground 
water  rather  than  to  confinement  of  the  water  under  impervious  lay> 
ers  of  rock.  The  sediments  are  apparently  porous  throu^out  and 
the  underground  water  tends  to  return  to  the  surface  in  the  lowe;?! 
parts  of  the  valley.  A  well  bored  in  the  sediments  furnishes  an  easier 
way  of  escape  for  the  waters  than  the  passage  through  the  gravels. 
The  slight  pressure  of  the  water  in  the  flowing  wells  and  the  fact 
that  only  such  wells'  flow  as  are  located  in  or  very  close  to  areas 
where  the  underground  water  reaches  the  surface  indicates  the  prob- 
able absence  of  any  impervious  layer  that  would  tend  to  hold  the 
waters  in  confinement.  In  other  words,  the  Beaver  Lake  beds  are  not 
constituted  in  the  manner  commonly  understood  as  necessary  for  the 
occurrence  of  artesian  wells.  The  beds  may  rather  be  termed  snbarte- 
sian.  Furthermore,  the  area  in  which  flowing  water  is  to  be  found  Ls 
very  small  and  nothing  more  is  to  be  expected  of  the  wells  than  to 
furnish  a  moderate  supply  of  water  for  domestic  purposes. 

In  the  Lake  Bonneville  beds  of  the  Escalante  Desert,  however,  a 
different  set  of  conditions  prevail.  Here  the  water  is  much  less  in 
volume  than  in  the  Beaver  Lake  beds,  but  the  constitution  of  the  sed- 
iments is  such  that  the  supply  is  better  conserved.  The  Lake  Bonne- 
ville beds  are  made  up  of  alternating  layers  of  sand,  fine  gravel,  and 
clay.  The  sands  and  gravels  are  porous,  allowing  the  water  to  work 
its  way  slowly  through  them,  while  the  clay  is  impervious,  thus  re- 
taining the  water  in  confinement  within  the  porous  layers. 

Much  more  is  to  be  expected  of  flowing  wells  in  the  Escalante  Desert 
than  in  Beaver  Basin  on  account  of  the  great  volume  of  the  Lake  Bon- 
neville beds.  Although  the  small  supply  of  water  entering  these  beds 
is  unfavorable  to  the  occurrence  of  any  great  quantity  of  underground 
water  within  them,  the  great  mass  of  the  sediments  and  the  fact  that 
they  are  now  saturated  with  water  assures  the  permanence  of  the 
water  supply  for  a  long  time  to  come.  In  the  absence  of  experiments 
it  is  uncertain  whether  the  underground  waters  could  be  obtained  in 
sufficient  quantity  and  at  a  cost  sufficiently  low  to  render  them  useful 
in  irrigation;  but  it  is  reasonably  certain  that  enough  water  for 
stock-raising  purposes  could  be  obtained  throughout  the  Escalante 
Desert  to  make  useful  in  this  way  a  large  territory  that  is  now  prac- 
tically unproductive. 


Digitized  by  LjOOQ IC 


.  INDEX. 


Acknowledgments  to  those  aiding 6 

AdamsvUle  district,  wells  in 25-26,35-36,39 

Andesite,  occurrence  of 11 

Artesian  conditions,  existence  of 54 

Aubrey  limestone,  occurrence  of 11 

A  vicullpecten  oceldentalls,  occurrence  of —       10 

weberensis,  occurrence  of 10 

■p.,  occurrence  of 10 

Baker,  Henry,  well  of 36 

Baker.  H.  F.,  well  of 36 

Baker  <fc  Walker,  well  of 26,36 

well  of,  record  of 27 

Bakers  Canyon,  building  stone  in 12 

spring^-in,  analysis  of 44 

BakewelUa  sp.,  occurrence  of 10 

Barr,  W.  M.,  analyses  by 6,42,49 

Barton,  J.  H.,  well  of 23,35 

well  of,  record  of 23 

Barton,  8.  R.,  well  of 35 

Basalt,  occurrence  and  description  of 12 

Basin  province,  description  of 6-9 

Beaver,  map  of 48 

precipitation  at , 15 

springs  near 19 

wells  in  and  near 23,36,47-49 

assays  of 48-49 

Beaver  Basin,  location  and  character  of 8, 

14-15,41-42 

section  across,  figure  showing 14 

Beaver  Bottoms,  location  of 8 

wells  in 30 

Beaver  Canyon,  section  in 10-1 1 

Beaver  cemetery,  well  at 23,35 

well  at,  record  of 23 

Beaver  district,  springs  of,  analyses  of 43,44 

weUsof 23-25,35,38-39 

Beaver  Lake  beds,  character  of 8, 13, 40-41 

water  in 54 

Beaver  River,  description  of 9 

flow  of 18 

irrigation  from 18 

water  of,  character  of 42-43 

Beaver  Valley,  location  and  extent  of 5 

location  and  extent  of,  map  showing. . .         7 

map  of 5 

Beryl,  weU  at 31,37 

well  at,  record  of 31 

water  of,  analyeis  of 51 

Black  Mountain,  rocks  of 12 

Blackner,  P.,  weUof 35 

Blackrock,  precipitation  at 15 

Bonneville,  Lake,  location  of 7 

location  of,  map  showing 7 


Boyter,  A . ,  well  of 40 

well  of,  record  of 40 

Building  stone,  oocurrenoe  and  description 

of 11-12 

Chemical  data,  sources  of 6 

Colob  Plateau,  geology  in M 

Composita  subtilita.  occurrence  of 11 

Cove  Creek,  spring  on,  analysis  of 45, 49-50 

Deseret,  precipitation  at 15 

Deserts,  description  of 6-8 

Dotson.R.  W.,  springof 21 

wells  of 36 

Drainage,  description  of 9,51-52 

Edwards,  William,  weU  of 35 

Escalante  Desert,  description  of 12 

location  of 7-8 

underground  water  in 54 

water  on 8-9 

Famsworth,  O.  T.,  well  of 35 

Faults,  occurrence  and  description  of 13-14 

Filhnore,  precipitation  at 16 

FistuUpora  sp.,  occurrence  of 11 

Foigie,  James,  well ot,,. 36 

Foigie,  John,  wells  of 36 

Frisco,  precipitation  at 15 

Garrison,  precipitation  at 15 

Geography,  description  of 6-9 

Geology,  description  of 9-15 

Glrty,  G.  H.,  fossils  determined  by 11 

Goodson,  E.  J.,  well  of 27,36 

well  of,  record  of 27 

Grace  Brothers,  well  of 36 

Granite,  occurrence  and  description  of 9-10 

Greenville  district,  springs  of,  analyses  of. .  43,44 

wells  in 25,35,39 

Greenville  school,  well  of 25,35 

well  of,  record  of 25 

Griffith,  J.  M.,  wells  of 25-26,35 

wells  of,  record  of 26 

Grimshaw,  F.  T.,  well  of. 36 

Gum,  F.  T.,  well  of 36 

Harms,  Herman,  analyses  by 6, 42, 49, 51 

Harrington,  Mrs.,  well  of 36 

Holderman  &  Sons,  well  of 36 

Hollingshead,  S.  B.,  well  of 36 

Hot  springs,  cause  of 20-21 

Hurricane  fault,  location  and  character  of. .        14 

Hustedia  meekana,  occurrence  of U 

Igneous  rocks,  occurrence  and  description 

of 11-12 

Indian  Creek,  flow  of 18 

irrigation  from 18 

Irrigation,  extent  of 18 

56 


Digitized  by 


Google 


56 


INDEX. 


Paga 

Irrigation,  pumping  for 68-64 

Johnson,  Samuel,  well  of 26 

Jones,  J.  F.,  well  of,  water  of,  assay  of 46 

Joseph,  J.  U.,  well  of 26 

Kelsey,  W.  li.,  well  of 36 

Lake  Bonneville  beds,  occurrence  and  de- 

soilptlon  of 12-13,41 

Lakes,  prehistoric,  occurrence  and  descrip- 
tion of  7-8 

Lakes,  residual,  occurrence  and  description 

of 8-9 

Lewis,  A.  B.,  weUof ,.  28,36 

well  of,  record  of 28 

Lund,  well  at 31,37 

well  at,  record  of 31 

water  of,  analysis  of 51 

Lynn,  well  at 34, 37 

well  at,  record  of- 34 

McCauley,  J.  D.,  wellof 37 

McGregor,  D.  A.,  weU  of 36 

licKean,  P.  B.,  springs  of 2(K-21 

P.  B.,weUof 37 

Majestic  Copper  Mining  &  Smelting  Co., 

wells  of 30 

Map  of  Beaver 48 

of  Beaver  Valley 6 

of  Utah,  showing  location  of  area  dis- 
cussed          7 

Marshall,  George,  well  of 36 

Meekella  sp.,  occurrence  of 11 

Mllford,  weUs  at 27-30,36,37 

wells  in,  water  of,  analysis  of 61 

Milford  district,  wells  in 27-«),36-37 

Milwaukee  Leasing  Co.,  well  of 29,37 

Mineral  Mountains,  rocks  of 9 

Minersville,  building  stone  near 12 

dam  at 19 

irrigation  at 9 

precipitation  at 16 

rocks  near 12 

section  near 10-11 

spring  near 21 

wells  in  and  near 26-29, 36 

Minersville  district,  springs  of,  assays  of 43, 45 

wells  in '. 26-27, 36, 39 

Modena,  precipitation  at 16 

Mowre,  A.  W.,  well  of 37 

Mumford,  George,  well  of 24.35 

well  of,  record  of 24 

Murdock,  J.  M.,  wells  of 35,37 

Murdock,  J.  R.,  well  of 35 

Murdock,  L.  IC,  well  of 36 

Myalina  pcratenuata,  occurrence  of 10 

Naticopsis  sp.,  occurrence  of 10 

Noels,  geology  at 13 

well  at 32,37 

record  of 33 

water  of,  analysis  of 51-52 

North  Creek,  flow  of 18 

irrigation  from 18 

water  of,  assays  of 43 

Nower,  J.  A.,  woll  of 24,36 

well  of,  record  of 24 

Oasis,  woll  at 33-34, 37 

woll  at,  record  of 34 

Paleozoic  sediments,  description  of 10-11 


Parkinson,  Eart,.weU  of 2B.a5 

wellof,  record  of 28 

Parowan,  precipitation  at 16-17 

Parowan  Valley,  location  and  character  of.  8, 13, 14 

Pioohe,  Nev.  precipitation  at 17 

Piute,  precipitation  at 17 

Plateau  province,  description  of 6 

Pleurophorus  sp.,  occurrence  of 10 

Pteurotomaria  sp.,  occurrence  of 10 

Power,  supply  of 55 

Precipitation,  records  of 15-17 

Productus  subhorrida.  occurxenoe  of 11 

Pugnax  osagensis,  occurrence  of 11 

Pumping  for  irrigation,  advantage  of 52-^ 

Raih*oad  weUs,  location  of 29,30-^ 

records  of 29,30-34 

Rhyolite,  occurrence  and  description  of 11-12 

Roosevelt  Hot  Spring,  location  and  descrii>- 

tionof 20-21 

water  of ,  assay  of 49-60 

Rush  Lake  Valley,  location  of 8,13 

Rjran  ranch,  well  on 37 

San  Pedro,  Los  Angeles  and  Salt  Lake  River, 

weUsof 31-34,37 

wells  of,  records  of 31-34 

Schisodus  sp.,  occurrence  of 10 

Seepage  waters,  assays  of 43 

locatlonand  volumeof 22 

Setoporasp.,  occurrence  of 11 

Shepherd,  Warren,  wellof 24,35 

well  of ,  record  of 24 

South  Creek,  flow  of 18 

i  rrigat ion  from 18 

water  of ,  assay  of 43 

Spirifer  cameratus,  occurrence  of 11 

Spirif erina  Kentuckyensis,  occurrence  of 11 

sp.,  occurrence  of 11 

Springs,  occurrence  and  description  of. 11^-22 

waters  of,  assays  and  analyses  of 43-45 

Squamularia  perplexa,  occurrence  of 11 

sp.,  occurrence  of U 

Stratigraphy,  description  of ^18 

Structure,  description  of 13-15 

diagram  showing 14 

Sulphurdale,  springsat 19 

springs  at,  water  of,  analysis  of 20 

Surface  waters.    See  Waters,  surface. 

Swamps,  occurrence  of 22,41-42 

Tanner,  Caleb,  aid  of 6 

Tanner,  E.,  wells  of 87 

Thermo,  warm  springs  near 21-22 

warm  springs  near,  analyses  of 45, 49-SO 

weUat 32,37 

record  of 32 

water  of,  analysis  of 51 

Tolton,  J.  F.,  weU  of 35 

Tuskar  Mountains,  rocks  of 10, 11, 14 

water  from 17 

Underground  waters,  description  of 19-64 

Utah,  cooperation  of 6 

Van  Patten,  F.  A.,  wellof 27,36 

well  of ,  record  of 27 

Walker,  H.  A.,  well  of 36 

W^ater-bearing  beds,  description  of 40-41 

Water  level,  changes  in 41-42 

Water  supply,  assays  and  analyses  of 43^51 


Digitized  by 


Google 


INDEX. 


57 


F«ge. 

Water  supply,  oheinlcal  character  of 43-61 

cdiemlcal  character  ol,  determination  of.       42 

development  of 51-64 

diacuaaion  of 15-64 

Watera,  surface,  chemical  character  of 42-45 

development  of 61 

Waters,  underground,  deitcription  of 19-54 

development  of 51-54 

supply  of 53-54 

Wells,  deep,  classification  of 23 

descriptions  of 23-34 

statistics  of 34-37 


Page. 

Wells,  deep,  waters  of,  assays  of 46 

WeUs,  shallow,  stAUstics  of 37-38 

waters  of,  assays  of 46 

Whitaker,  Arthur,  well  of 37 

White,  J.  C,  information  from 30, 37 

Winberg,  A.  W.,  well  of 28,37 

well  of,  record  of 29 

Wolfeoden  &  Murdock,  weU  of 25 

well  of,  record -of 25 

Xenodiscus  sp.,  occurrence  of 10 

Zaphrentis  sp.,  oocurreooe  of ^ 11 


o 


Digitized  by 


Google 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


Digitized  by  LjOOQ IC 


Digitized  by  VjOOQ IC 


DEPARTMENT  OF  THE  INTERIOR 

UNITED  STATES  GEOLOGICAL  SURVEY 

GEORGE  OTIS  SMITH,  Director 


WATKR-8UPPLY  PAPER    218 


WATER-SUPPLY  INVESTIGATIONS  IN 
ALASKA,  1906-1907 


NOME  AND  KOUGAROK  REGIONS,  SEWARD 

PENINSULA;  FAIRBANKS  DISTRICT, 

YUKON-TANANA  REGION 


BY 

FRED  F.  HENSHAW  and  C.  C.  COVERT 


WASHINGTON 

GOVERNMENT    PRINTING    OFFICE 

1908 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQ IC 


CONTENTS. 

P*ge. 

Introduction 7 

Scope  of  work 7 

Cooperation 8 

Explanation  of  data  and  methods 9 

The  Nome  region,  by  Fred  F.  Henshaw 13 

Description  of  area 13 

Conditions  affecting  water  supply 15 

Gaging  stations 18 

Nome  River  drainage  basin 18 

General  description 18 

Nome  River  above  Miocene  intake 19 

Nome. River  at  Pioneer  intake  and  Pioneer  ditch 21 

Buffalo  Creek 22 

David  Creek 22 

Dorothy  Creek 23 

Hobson  Creek 23 

The  Miocene  ditch  system 24 

General  description 24 

Jett  Creek  ditch 30 

Grand  Central  ditch 31 

David  Creek  ditch 32 

Seepage  measurements  on  Miocene  ditch 33 

Miscellaneous  measurements 35 

Campion  ditch  at  Black  Point 35 

Seward  d  i tch 36 

Pioneer  ditch 37 

Grand  Central  River  drainage  basin 38 

General  description 38 

North  Fork  of  Grand  Central  River 38 

West  Fork  of  Grand  Central  River 41 

Crater  Lake  outlet 44 

Grand  Central  River  below  the  forks 46 

Grand  Central  River  below  Nugget  Creek 47 

Gold  Run , 48 

Thompson  Creek 49 

Nugget  and  Copper  creeks 49 

Jett  Creek 50 

Morning  Call  Creek 51 

Storage  possibilities 52 

Salmon  I^ke 53 

Kruzgamepa  River  drainage  ba^in  below  Salmon  Lake 54 

General  description 1 54 

Kruzgamepa  River  at  outlet  of  Salmon  Lake 55 

Crater  Creek 57 

Iron  Creek 57 

Miscellaneous  measurements 59 

Imuruk  Basin  drainage 59 

3 


Digitized  by  LjOOQ IC 


4  CONTENTS. 

The  Nome  region — Continued.  P«««. 

Sinuk  River  drainage  baf»in 60 

General  description 60 

Upper  Sinuk  River 60 

Windy  Creek 61 

North  Star  Creek 62 

Stewart  River 63 

Slate  Creek 63 

Other  Sinuk  River  drainage 64 

Cripple  River  drainage  basin 64 

General  description * 64 

Cedric  ditch 64 

General  description 64 

Cedric  ditch  above  penstock 65 

Penny  River  drainage  basin 66 

General  description 66 

Penny  River  at  Sutton  intake  and  Sutton  ditch 66 

Snake  River  drainage  basin 68 

General  description : 68 

Snake  River  above  Glacier  Creek 68 

Flambeau  and  Eldorado  River  drainage  basins 69 

Solomon  River  drainage  basin 69 

Flow  of  ditches  in  Nome  region 70 

Available  water  supply  during  1906  and  1907 70 

Ditch  and  pipe  lines 72 

Water-power  possibilities 76 

The  Kougarok  region,  by  Fred  F.  Henshaw 77 

Introduction 77 

Description  of  area 77 

Conditions  affecting  water  supply 78 

Gaging  stations 79 

Kougarok  River  drainage  basin 79 

Description  of  basin 79 

Kougarok  River  below  Washington  Creek 80 

Kougarok  River  at  Homestake  intake  and  Homestake  ditch 80 

Kougarok  River  above  Taylor  Creek 82 

Kougarok  River  above  Coarse  Gold  Creek 82 

Irving  ditch 83 

Homestake  ditch 83 

Taylor  Creek  at  North  Star  intake 84 

Taylor  Creek  at  Cascade  intake 85 

Taylor  Creek  at  mouth 86 

North  Star  ditch  above  siphon 86 

Cascade  ditch 87 

Henry  Creek 88 

Coarse  Gold  Creek 88 

North  Fork 89 

Miscellaneous  measurements •. 90 

Total  water  supply  in  1907 90 

Noxapaga  River  drainage  basin 91 

Serpentine  River  drainage  basin 92 

Schlitz  and  Reindeer  creeks 92 

Bryan  and  Dick  creeks 92 

Quartz  and  Bismarck  creeks 93 

American  River  drainage  basin 93 


Digitized  by  LjOOQ IC 


CONTENTS.  5 

The  Kougarok  region — Continued.  Page. 

Hydraulic  developments 94 

Relative  run-off  of  different  areas 95 

The  Fairhaven  precinct,  by  Fred  F.  Henshaw 99 

Introduction 99 

Fairhaven  ditch 99 

Candle  ditch 100 

Bear  Creek  ditch 100 

The  Fairbanks  district,  by  C.  C.  Covert 101 

Description  of  area 101 

Conditions  affecting  water  supply 103 

Gaging  stations 106 

Little  Chena  River  drainage  basin 106 

General  description 106 

Chena  Slough  at  Fairbanks 108 

Little  Chena  River  above  mouth  of  EUiott  Creek 109 

Elliott  Creek  above  mouth  of  Sorrels  Creek 110 

Sorrels  Creek 110 

Fish  Creek  above  mouth  of  Fairbanks  Creek Ill 

Bear  Creek 112 

Fairbank3  Creek 112 

Miller  Creek 113 

Chatanika  River  drainage  basin 114 

General  description 114 

Faith  Creek 115 

McManus  Creek 116 

Chatanika  River  near  junction  of  Faith  and  McManus  creeks 117 

Boston  Creek 118 

McKay  Creek 119 

Belle  Creek 119 

Crooked  Creek 119 

Kokomo  Creek 119 

Poker  Creek 120 

Chatanika  River  below  mouth  of  Poker  Creek 121 

Cleary  Creek , 122 

Little  Eldorado  Creek 122 

Dome  Creek 122 

Goldstream  Creek  drainage  basin 123 

General  description 123 

Goldstream  Creek  at  claim  6  below 124 

Fox  Creek 125 

Beaver  Creek  drainage  basin 125 

General  description 125 

Measurements. 127 

Comparative  run-off  of  different  areas 128 

Development  of  water  supply  in  the  Fairbanks  district 129 

General  conditions 129 

Ditch  lines 130 

Water-power  development 131 

Storage 131 

Meteorological  records,  by  Fred  F.  Henshaw  and  C.  C.  Covert 133 

Introduction 133 

Seward  Peninsula 134 

Fairbanks  district 139 

Summary  of  records  since  1902 142 

Index 151 


Digitized  by  LjOOQ IC 


ILLUSTRATIONS. 


Plate  I.  A,  Price  current  meters;  B,  Measuring  Grand  Central  River 10 

II.  Typical  topography,  Seward  Peninsula 14 

III.  A,  Tundra  between  beach  and  foothills;  B,  Miocene  ditch,  Glacier 

Creek 16 

IV.  Map  showing  location  of  gaging  stations  in  Nome  region 18 

V.  Rock  cut  around  Cape  Horn  on  Miocene  ditch 24 

VI.  A,  Upper  Grand  Central  River  drainage;  B,  Mount  Osbom,  July,  1906  38 
VII.  Map  showing  location  of  gaging  stations  and  ditches  in  Kougarok 

region 78 

VIII.  A,  Intake  of  Homestake  ditch  on  Kougarok  River;  5,  Homestake 

ditch,  showing  sod  work 80 

IX.  Map  showing  location  of  gaging  stations  in  Fairbanks  district 106 

X.  Mining  operations  on  Cleary  Creek 122 

XI.  A,  Lower  Cleary  Creek;  By  Gaging  station  on  Fish  Creek 124 

XII.  Map  of  Alaska,  showing  location  of  rainfall  stations 142 

Fio.  1.  Diagram  showing  flow  of  Nome  River  above  Miocene  intake  and 

Grand  Central  River  below  the  forks,  1906 17 

2.  Diagram  showing  flow  of  Chatanika  River  and  total  of  Little  Chena 

River  and  its  tributaries,  1007 105 

6 


Digitized  by  LjOOQ IC 


^WATER-SUPPLY    IKVESTIGATIOKS  IK 
ALASKA,  1906-1907. 


By  Fred  F.  Henshaw  and  C.  C.  Covert. 


INTRODUCTION. 

SCOPE  OF  WORK. 

For  a  number  of  years  the  United  States  Geological  Survey  has 
made  systematic  measurements  and  studies  of  the  water  supply  as  one 
of  the  great  resources  of  the  coimtry.  These  data  are  now  available 
for  all  the  more  important  streams  in  the  United  States  and  are 
extensively  used  by  engineers  and  others  in  problems  involving 
water  power,  city  water  supply,  irrigation,  and  manufacturing. 

The  development  of  the  important  placer-mining  fields  of  Alaska, 
notably  those  of  Seward  Peninsula  and  the  Yukon-Tanana  region,  is 
intimately  associated  with  the  successful  utilization  of  their  water 
supplies.  A  knowledge  of  the  amount  of  water  available  in  the 
streams  would  have  prevented  most  of  the  failures  that  have  been 
made  in  the  past,  and  will  be  invaluable  in  connection  with  future 
developments. 

There  is  a  great  tendency  in  Alaska  to  push  forward  the  construction 
of  ditches  without  first  making  sure  of  the  primary  requisite  of  their 
successful  operation — an  adequate  water  supply.  The  results  of  such 
a  policy  were  forcibly  shown  during  last  sUmmer  in  Seward  Peninsula, 
in  some  parts  of  which  a  severe  drought  caused  much  loss  and  incon- 
venience to  mining  operators.  These  conditions  are  apt  to  occur  in 
any  portion  of  Alaska,  and  too  much  stress  can  not  be  laid  on  the 
importance  of  stream-flow  data.  The  low-water  period  lasts  only  a 
part  of  the  season  and  the  water  supply  is  usually  sufficient  at  other 
times,  but  in  view  of  the  other  unfavorable  conditions — the  shortness 
of  the  season,  the  frozen  ground,  the  distance  from  base  of  supplies  and 
consequent  high  cost  of  transportation — a  reduction  of  even  two  or 
three  weeks  in  the  working  season  may  mean  the  difference  between 
profit  and  loss.  The  cost  of  the  useless  machinery  and  ditches  which 
can  be  seen  in  some  parts  of  Alaska  amoimts  to  himdreds  of  thousands 
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of  dollars,  and  most  of  this  could  have  been  saved  bj'  a  prelinxinar\- 
investigation  of  conditions  by  a  competent  engineer. 

Hydraulic  developments  have  been  carried  farthest  in  the  Nome 
region  of  Seward  Peninsula,  which  has  been  an  important  producer  of 
placer  gold  since  1899.  Hundreds  of  miles  of  mining  ditches  have 
been  built  at  a  great  expense.  When  it  was  decided  in  1906  to 
extend  stream-gaging  work  to  Alaska,  the  Nome  region  was  axjcord- 
ingly  selected  as  the  first  district  to  be  studied.  A  reconnaissance 
was  made  and  gaging  stations  were  established  by  John  C.  Hoyt  in  the 
early  summer  of  1906,  and  the  work  was  then  carried  on  imtil  the  end 
of  the  season  by  Fred  F.  Henshaw.  During  last  season  the  work  -was 
continued  by  Mr.  Henshaw,  assisted  by  Raymond  Richards,  and  was 
extended  into  the  Kougarok  region,  north  of  the  Kjgluaik  Mountains, 
in  the  central  portion  of  Seward  Peninsula.  Altogether  the  parties 
were  in  Seward  Peninsula  from  June  11  to  October  3,  1906,  and  from 
June  11  to  October  14,  1907. 

The  collection  of  stream-flow  records  was  begun  in  the  Fairbanks 
district  of  the  Yukon-Tanana  region  by  C.  C.  Covert  in  1907.  The 
work  was  largely  that  of  reconnaissance,  but  a  few  regular  stations 
were  established. 

The  work  of  collecting  the  data  and  preparing  this  report  was  done 
under  the  direction  of  the  water  resom^es  branch  by  engineers 
detailed  for  the  purpose.  The  expenses  were  paid  out  of  the  appro- 
priation for  investigating  the  mineral  resources  of  Alaska,  and  the 
field  work  has  been  under  the  general  supervision  of  Alfred  H.  Brooks, 
geologist  in  charge  of  Alaskan  work. 

COOPERATION. 

The  funds  available  for  the  work  were  inadequate  to  cover  properly 
the  large  extent  of  country  on  which  it  was  desirable  to  obtain  records. 
It  was  possible  to  obtain  daily  gage  readings  only  through  the  hearty 
cooperation  of  mining  operators,  ditch  companies,  and  others.  Those 
to  whom  special  acknowledgment  is  due  are  named  below: 

In  the  Nome  region,  to  the  officers  and  employees  of  the  Miocene 
Ditch  Company,  Wild  Goose  Mining  and  Trading  Company,  Cedric 
Ditch  Company,  Pioneer  Mining  Company,  Gold  Beach  Development 
Company,  and  the  United  Ditch  Company;  to  W.  L.  Leland,  of  the 
Three  Friends  Mining  Company;  to  J.  E.  Styers,  superintendent  of 
construction  for  the  National  Wood  Pipe  Company;  and  to  Arthur 
Gibson,  George  Ashley,  William  E.  Morris,  J.  Potter  Whittren,  Mark 
N.  Ailing,  and  George  M.  Ashford,  civil  and  mining  engineers,  Nome. 

In  the  Kougarok  region,  to  the  officers  and  employees  of  the  Kou- 
garok Mining  and  Ditch  Company,  Taylor  Creek  Ditch  Company, 
Pittsbui^-Dick  Creek  Mining  Company,  Irving  Mining  Company, 
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Oascade  Mmmg  and  Ditch  Company,  Ottumwa  Gold  Mining  Company, 
And  to  others  for  information  and  acconmiodations  in  camp. 

In  the  Fairbanks  district,  to  John  Zug,  superintendent  good  roads 
conmiission;  A.  D.  Gassaway,  general  manager  of  the  Chatanika 
Ditch  Company;  Falcon  Joslin,  president  of  the  Tanana  Mines 
Saibroad  Company;  Herman  Wobber,  Fairbanks  Creek;  C.  D. 
Hutchinson,  electrical  engineer,  Tanana  Electric  Company,  and 
Martin  Harris,  Ghena. 

EXPLANATION  OF  DATA  AND  METHODS. 

The  methods  of  carrying  on  the  work  and  collecting  the  data  were 
substantially  the  same  as  those  previously  used  for  similar  work,"  but 
were  adapted  to  the  special  conditions  found  in  Seward  Peninsula. 
•  In  the  consideration  of  industrial  or  mining  enterprises  which  use 
the  water  of  streams,  it  is  essential  to  know  the  total  amount  of  the 
water  flowing  in  the  stream,  the  daily  distribution  of  the  flow,  and 
facts  in  regard  to  the  conditions  affecting  the  flow.  Several  terms  are 
used,  such  as  second-foot,  miner's  inch,  gallons  per  minute,  etc.,  to 
describe  the  quantity  of  water  flowing  in  a  stream,  the  one  selected 
depending  on  the  use  to  be  made  of  the  data. 

''Second-foot''  is  in  most  general  use  for  all  classes  of  work,  and 
from  it  the  quantity  expressed  in  other  terms  may  be  obtained.  It 
is  an  abbreviation  of  cubic  foot  per  second  and  may  be  defined  as  the 
quantity  of  water  flowing  per  second  in  a  stream  1  foot  wide  and  1  foot 
deep  at  the  rate  of  1  foot  per  second.  It  should  be  noted  that  it  is  a 
rate  of  flow,  and  to  obtain  the  actual  quantity  of  water  it  is  necessary 
to  multiply  it  by  the  time. 

''Second-feet  per  square  mile''  is  the  average  number  of  cubic  feet 
of  water  flowing  per  second  from  each  square  mile  of  area  drained,  oA 
the  assumption  that  the  run-off  is  distributed  uniformly,  as  regards 
both  time  and  area. 

"Run-off  in  inches"  is  the  depth  to  which  the  drainage  area  would 
be  covered  if  all  the  water  flowing  from  it  in  a  given  period  were  con- 
served and  imiformly  distributed  on  the  surface.  It  is  used  for  com- 
paring run-off  with  rainfall,  which  is  expressed  in  depth  in  inches. 

"Acre-foot"  is  equivalent  to  43,560  cubic  feet,  and  is  the  quantity 
required  to  cover  an  acre  to  the  depth  of  1  foot.  It  is  commonly  used 
in  connection  with  storage  problems. 

The  "miner's  inch,"  the  unit  used  in  connection  with  placer  mining, 
also  expresses  a  rate  of  flow,  and  is  the  quantity  of  water  flowing 
through  an  orifice  of  a  g*ven  size,  with  a  given  head.  The  head  and 
size  of  the  orifice  used  in  different  localities  vary,  thus  making  it  a 
most  indefinite  and  unsatisfactory  unit.     Owing  to  the  confusion 

a  S<K^  Wjitor-Sup.  and  Irr.  Papers  Nos.  94.  95,  and  201,  U.  S.  G«^ol.  Survey. 
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arising  from  its  use,  it  has  been  defined  by  law  in  several  States.  The 
California  miner's  inch  is  in  most  common  use  in  the  United  States 
and  was  defmed  by  an  act  approved  March  23,  1901,  as  follows:  *  'The 
standard  miner's  inch  of  water  shall  be  equivalent  or  equal  to  1 J  cubic 
feet  of  water  per  minute,  measured  through  any  aperture  or  orifice." 
This  miner's  inch  corresponds  to  the  so-called  *' 6-inch  pressure " 
and  is  one-fortieth  of  a  second-foot.  The  inch  in  most  common  use 
in  Seward  Peninsula  is  the  "old  California  inch,"  which  was  the 
standard  in  that  State  prior  to  the  passage  of  the  above  act  and  is 
equivalent  to  1.2  cubic  feet  per  minute,  or  one-fiftieth  of  a  second- 
foot. 

Following  is  a  list  of  convenient  equivalents  for  use  in  hydraulic 
computations: 

1  socond-foot  equals  40  California  miner's  inches  (law  of  March  23,  1901). 

1  w»ccmd-f()ot  equals  50  "old  California"  miner's  inches  (used  prior  to  law  of  Marrh 
23,  1901). 

1  Bocond-foot  equals  7.48  United  States  gallons  per  second;  equals  448.8  gallons  per 
minute;  equals  646,272  gallons  for  one  day. 

1  second-foot  for  one  year  covers  1  square  mile  1.131  feet,  or  13.572  inches  deep. 

1  second  foot  equals  about  1  acre-inch  per  hour. 

1  second-foot  for  one  day  covers  1  square  mile  0.03719  inch  deep. 

1  second-foot  for  one  day  equals  1.983  acre-feet. 

100  California  miner's  inches  equal  15.7  United  States  gallons  per  second. 

100  California  miner's  inches  for  one  day  equal  4.96  acre-feet. 

100  United  States  gallons  per  minute  equal  0.223  second-foot. 

100  United  States  gallons  per  minute  for  one  day  equal  0.442  acre-foot. 

1,000,000  United  States  gallons  per  day  equal  1.55  second-feet. 

1.000,000  United  States  gallons  equal  3.07  acre-feet. 

1,000,000  cubic  feet  equal  22.95  acre-feet. 

1  acre-foot  equals  325,850  gallons. 

1  inch  deep  on  1  square  mile  equals  2,-323,200  cubic  feet. 

1  inch  deep  on  1  square  mile  equals  0.0737  second-f(K)t  per  year. 

1  mile  equals  5,280  feet. 

1  acre  equals  43,560  square  feet. 

I  acre  ecjuals  209  feet  square,  nearly. 

1  cubic  foot  equals  7.48  gallons. 

I  ctlbic  f(K)t  of  water  weighs  62.5  pounds. 

I  horsepower  equals  550  foot-pounds  per  se(X)nd. 

1  horseiX)wer  equals  746  watts. 

1  horsepower  equals  1  second-foot  falling  8.80  feet. 

IJ  horsepower  equal  about  1  kilowatt. 

mil.        .  -11      Sec.  ft.  X  fall  in  feet        ^ , 

To  calculate  water  power  quickly: -y[ = net  horsepower  on  water- 

whe<»l  realizing  80  per  cent  of  theoretical  power. 

The  determination  of  the  quantity  of  water  flowing  past  a  certain 
section  of  a  stream  at  a  given  time  is  tenfted  a  discharge  measure- 
ment. The  quantity  is  the  product  of  two  factors — the  mean  veloc- 
ity and  the  area  of  the  cross  section.  The  mean  velocity  is  a  func- 
tion of  surface  slope,  wetted  perimeter,  roughness  of  bed,  and  the 
channel  conditions  at,  above,  and  below  the  gaging  section.  The 
area  depends  on  the  contour  of  the  bed  and  the  fluctuations  of  the 
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surface.  The  two  principal  ways  of  measuring  the  velocity  of  a 
stream  are  by  floats  and  current  meters. 

All  current-meter  measurements  are  made  by  the  engineers  of  the 
Survey,  but  as  float  measurements  can  readily  be  made  by  the 
prospector  the  method  is  described  below. 

The  floats  in  common  use  are  the  surface,  subsurface,  and  tube 
or  rod  floats.  A  corked  bottle  with  a  flag  in  the  top  and  weighted 
at  the  bottom  makes  one  of  the  most  satisfactory  surface  floats, 
as  it  is  affected  but  little  by  wind.  In  flood  measurements,  good 
results  can  be  obtained  by  observing  the  velocity  of  floating  cakes  of 
ice  or  dfibris.  In  all  surface-float  measurements  the  observed  velocity 
must  be  multiplied  by  0.85  to  0.90  to  reduce  the  surface  velocity  to  the 
mean  velocity.  The  subsurface  and  tube  or  rod  floats  are  intended 
to  give  directly  the  mean  velocity  in  the  vertical.  Tjibes  give 
excellent  results  when  the  channel  conditions  are  good,  as  in  canals. 

In  measuring  velocity  by  a  float,  observation  is  made  of  the  time 
taken  by  the  float  to  pass  over  the  "run'* — a  selected  stretch  of 
river  from  50  to  200  feet  long.  In  each  discharge  measurement  a 
large  number  of  velocity  determinations  are  made  at  different  points 
across  the  stream,  and  from  these  observations  the  mean  velocity 
for  the  whole  section  is  determined. 

The  area  used  in  float  measurements  is  the  mean  of  the  areas  at 
the  two  ends  of  the  run  and  at  several  intermediate  sections. 

The  essential  parts  of  the  current  meters  in  use  are  (1)  a  wheel  of 
some  type  so  constructed  that  the  impact  of  flowing  water  causes  it  to 
revolve  and  (2)  a  device  for  recording  or  indicating  the  number  of 
revolutions.  The  relation  between  the  velocity  of  the  moving  water 
and  the  revolutions  of  the  wheel  is  determined  for  each  meter. 
This  rating  is  done  by  drawing  the  meter  through  still  water  for  a 
given  distance  at  different  speeds  and  noting  the  number  of  revolu- 
tions for  each  run.  From  these  data  a  rating  table  is  prepared 
which  gives  the  velocity  per  second  for  any  number  of  revolutions. 
Many  kinds  of  current  meters  have  been  constructed. 

The  small  Price  acoustic  meter  (see  PI.  I,  A)  was  used  exclusively  in 
the  work  in  Alaska.  Measurements  were  made  by  wading,  except 
on  Kruzgamepa  River,  where  a  cable  and  car  were  installed  for  use 
during  high  stages. 

In  making  a  measurement  a  tape  line  is  stretched  across  the  stream 
(see  PI.  I,  B)  and  depth  and  velocity  are  measured  at  regular  intervals 
(from  1  to  5  feet  apart,  depending  on  the  size  of  the  stream).  The 
depths  from  which  the  area  of  the  cross  section  is  computed  are  taken 
by  soundings  with  a  graduated  rod.  The  velocities  are  measured 
by  a  current  meter. 

Three  methods  of  measuring  the  velocity  were  used.  In  the  first 
the  meter  is  held  at  the  .depth  of  the  thread  of  mean  velocity,  which 
has  been  shown  by  extensive  experiments  to  occur  at  about  0.6  of  the 
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total  depth.  In  the  second  method  the  mean  of  the  velocities  taken 
at  0.2  and  0.8  depth  is  taken  as  the  mean.  In  the  third  method 
the  meter  is  held  at  mid  dopth  and  about  0.1  of  the  total  depth  below 
the  surface  and  above  the  bottom,  and  one-fourth  of  the  sum  of  the 
top  and  bottom  and  twice  the  mid  depth  is  used  as  the  mean.  This 
method  is  not  adapted  to  very  shallow  streams  or  to  those  with 
extremely  rough  beds. 

One  of  the  general  laws  of  the*  flow  of  streams  with  permanent  cross 
sections  is  that  the  discharge  varies  directly  with  the  stage,  or  gage 
height,  and  that  it  will  be  the  same  whenever  the  stage  or  gage  height 
of  the  stream  is  the  same.  Therefore,  in  order  to  determine  the  daily 
discharge  of  a  stream,  a  gage  on  which  the  fluctuations  of  the  surface 
of  the  stream  may  be  noted  is  installed  and  read  daily.  As  the  dis- 
charge re^larly  increases  with  the  stage,  it  is  possible  with  a  few 
discharge  measurements  taken  at  various  stages  to  construct  a  rating 
curve  which  will  give  the  discharge  at  all  stages.  The  beds  of  most  of 
the  streams  measured  changed  but  little  during  the  season  and  it  was 
therefore  possible  to  obtain  the  daily  flow  as  just  stated. 

Water  to  be  of  use  for  mining  purposes  must  be  available  under  con- 
siderable pressure,  or  when  diversion  is  necessary  it  must  be  taken  at 
an  elevation  high  enough  to  allow  it  to  be  carried  over  the  divides. 
The  gaging  stations,  therefore,  were  so  established  as  to  obtain  meas- 
urements at  points  whose  elevations  were  sufficient  to  permit  the 
stream  to  be  diverted  for  use  in  mining  on  the  ground  already  pros- 
pected. Such  stations  were  established  on  all  the  important  streams 
in  the  area.  At  some  of  the  locations  it  was  impossible  to  secure  gage 
readers  to  take  the  daily  observations  of  river  height,  and  for  these 
stations,  therefore,  it  is  possible  only  to  give  the  flow  at  the  time  of  the 
actual  discharge  measurements. 
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THE  NOME  REGION. 

By  Fred  F.  Henshaw. 
DESCRIPTION  OP  AREA. 

The  area  to  which  the  term  "Nome  region"  is  applied  is,  in  a  gen- 
eral way,  15  to  20  miles  wide  and  stretches  40  miles  inland  from  the 
town  of  Nome,  which  is  situated  on  the  southern  coast  of  Seward 
Peninsula.  Most  of  the  measurements  recorded  in  this  paper  were 
made  about  20  to  25  miles  from  the  coast,  at  points  where  the  altitude 
is  sufficiently  high  to  make  the  water  available  for  mining  high-level 
placers,  but  some  trips  were  also  made  into  the  adjacent  regions  to  the 
east  and  west. 

The  region  embraces  three  types  of  topography,  which,  from  south 
to  north,  are  (1)  a  coastal  plain,  (2)  an  upland,  and  (3)  a  moimtain 
mass. 

Bordering  the  coast  line  between  Cape  Nome  and  Cape  Rodney  is 
an  area  of  low  reUef,  which  stretches  back  to  the  foothills  with  a 
width  of  2  to  5  miles.  This  lowland,  known  as  the  "  Nome  tundra,' '  is 
made  up  in  general  of  wet,  moss-covered  ground,  rising  with  a  gentle 
slope  to  an  elevation  between  200  and  300  feet  at  the  southern  margin 
of  the  upland. 

The  ridges  that  constitute  the  upland  trend  in  a  general,  way  north 
and  south,  rising  from  about  700  feet  near  the  coast  to  2,000  feet  30 
miles  inland.  These  ridges  are  separated  by  the  broad  U-shaped 
valleys  of  the  larger  drainage  courses.  Thirty  miles  from  the  coast 
the  ridges  are  united  by  an  east-west  ridge,  which  presents  a  steep 
escarpment  toward  a  broad  depression  to  the  north.  This  depression 
separates  the  upland  from  the  Kigluaik  Mountains. 

The  east-west  ridge  is  broken  by  broad,  low  gaps,  a  feature  of  great 
importance  to  the  engineer  who  contemplates  tapping  the  water 
resources  of  the  Ejgluaik  Mountains.  North  of  the  depression  the 
Kigluaik  Mountains,  locally  known  as  the  Sawtooth  Range,  rise 
abruptly,  constituting  a  rugged  east-west  mass,  sharply  dissected, 
with  serrated  crest  line.  As  these  mountains  have  been  the  center  of 
local  glaciation  in  recent  times,  their  valleys  are  characterized  by 
cirques,  which  form  important  sources  of  water  for  the  district. 

Most  of  the  area  here  considered  drains  southward  to  Bering  Sea 
through  Nome  and  Snake  rivers,  whose  sources  lie  close  to  the  ridge 
which  forms  the  northern  boundary  of  the  upland.  A  part  of  the 
waters  of  the  irpland  also  flows  southward  to  Bering  Sea  through 
Eldorado,  Flambeau,  Cripple,  and  Penny  rivers.  The  valleys  of  all 
of  these  streams  are  of  about  the  same  type — broad  and  deep  in  the 
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upland,  with  gentle  slopes  for  300  to  600  feet,  then  with  steeper  walls 
which  rise  to  crest  lines  ranging  from  800  to  1,500  feet  in  altitude. 
Their  floors  are  usually  covered  with  gravels.  Some  of  the  smaller 
tributaries  occupy  sharply  incised  trenches  and  have  but  a  thin  coat- 
ing of  gravel  on  their  rock  floors. 

The  east-west  depression  which  separates  the  upland  from  the 
mountains  to  the  north  is  drained  in  part  by  streams  flowing  west- 
ward to  Sinuk  River,  which  empties  into  Bering  Sea,  and  in  part  by 
streams  flowing  eastward  to  Kruzgamepa  River,  which  dischai^es 
into  Imuruk  Basin.  The  streams  draining  the  southern  slope  of  the 
Kigluaik  Mountains  are  all  tributary  to  one  or  the  other  of  the  two 
systems.  Many  of  them  head  in  glacial  cirques  and  flow  through 
steep-walled  rock-bound  valleys,  and  all  have  torrential  courses. 

The  general  character  of  all  the  drainage  areas  is  the  same.  (See 
PI.  II.)  The  streams  have  little  slope,  except  in  their  extreme  upper 
portions,  and  spread  over  wide  gravelly  beds,  in  which  many  of  them 
divide  into  several  channels  or  disappear  in  the  gravel.  The  channels 
are  also  subject  to  considerable  shifting  during  floods.  For  1,000 
to  3,000  feet  on  either  side  of  this  gravelly  bed  extend  level  or  gently 
sloping  bottom  lands,  from  which  the  liills  rise  abruptly.  The 
drainage  basins  are  from  4  to  12  miles  wide.  Most  of  the  tributary 
streams  are  short  and  flow  in  narrow  ravines  having  steep  sides. 
Their  slope  is  great,  and  many  of  them  are  made  up  of  a  series  of 
rapids,  waterfalls,  and  pools. 

Practically  the  whole  country  to  an  elevation  of  1,000  feet  is  cov- 
ered with  a  thick  turf,  commonly  known  as  ^'tundra."  (See  PL 
III,  A.)  In  the  summer  this  turf  carries  a  rank  growth  of  grass  dott-ed 
with  wild  flowers  of  many  varieties,  and  in  some  areas  there  is  con- 
siderable moss.  There  are  no  trees  with  the  exception  of  scattered 
patches  of  scrub  willow  and  alder,  which  in  the  absence  of  better  fuel 
can  be  used  for  firewood.  Much  of  the  ground  remains  frozen  within 
2  feet  of  the  surface  throughout  the  year.  The  soil  in  the  lowlands 
is  mostly  gravel,  overlain  with  muck,  wliich  contains  a  large  per- 
centage of  water,  and,  when  it  thaws  out  in  summer,  becomes  very 
soft.  Considerable  areas  are  underlain  by  clear  ice.  The  hills  are 
composed  largely  of  schist  and  limestone  rock,  mantled  with  loose 
slide  and  gravel. 

The  Nome  region  has  been  an  important  producer  of  placer  gold 
since  1899.  During  the  first  two  or  three  years  operations  were  con- 
fined largely  to  the  shallower  and  richer  creeks  and  to  the  present 
beach.  They  were  carried  on  by  the  primitive  methods  of  rocking 
and  shoveling  in,  and  the  producing  creeks  themselves  usually  fur- 
nished an  adequate  sluice  head. 

During  the  last  five  or  six  seasons  the  operations  have  been  of  two 
widely  different  kinds,  namely,  imderground  and  hydraulic  mining. 
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Tte  ancient  beaches,  notably  the  so-called  third  beach,  have  yielded 
the  largest  production  during  the  last  four  years.  The  work  is  carried 
on  underground,  by  shaft  and  drift,  largely  in  the  winter,  the  material 
l>eing  sluiced  with  water  derived  from  the  melting  snow  in  the  spring. 
Owing  to  the  small  yardage  moved  and  the  high  tenor  of  the  gravels, 
tine  problem  of  obtaining  a  water  supply  for  sluicing  is  relatively  un- 
important. Pumping  by  gasoline  engine  is  often  resorted  to  and  does 
not  materially  increase  the  total  cost  of  mining.  In  hydraulic  mining 
tlie  conditions  are  radically  different.  The  chief  requirements  are  a 
large  body  of  gravel  carrying  values  and  an  abxmdant  supply  of  water 
under  a  high  head. 

The  stream-gaging  work  of  the  Survey  in  this  district  has  been 
carried  on  for  the  purpose  of  obtaining  accurate  information  in  regard 
to  its  water  resources,  developed  and  xmdeveloped,  and  their  adapta- 
tion both  for  placer  mining  and  power.  Most  of  the  work  in  the 
Nome  region  in  1907  was  done  by  Raymond  Richards,  and  much 
credit  is  due  him  for  the  careful  and  thorough  manner  in  which  he 
carried  it  on. 

The  work  has  been  confined  to  the  comparatively  small  area  from 
which  water  has  been  or  can  be  diverted  for  working  the  rich  placer 
deposits  near  Nome.  The  gaging  stations  were  so  located  that  the 
measurements  would  show  the  water  available  in  this  important  area. 
The  additional  water  supply  below  the  points  of  measurement  may 
on  many  streams  have  a  local  value,  and  all  the  streams  in  the  vicinity 
of  the  gold-bearing  ground  of  Seward  Peninsula  are  of  more  or  less 
economic  importance,  but  it  was  impossible  to  measure  them  all  on 
accoimt  of  inadequate  fimds. 

The  results  obtained  in  1906  have  been  published,  but  are  included 
in  this  report  in  order  to  bring  all  the  records  up  to  date.** 

The  data  obtained  give  a  fair  idea  of  conditions  of  flow  that  may 
be  expected  from  other  areas  in  the  vicinity,  provided  allowance  is 
made  for  difference  in  rainfall,  topography,  and  soil.  For  this  pur- 
pose a  summary  of  the  flow  from  different  areas  has  been  prepared. 
(Seep.  95.) 

CONDITIONS  AFFECTING  WATER  SUPPLY. 

Three  sources  of  water  supply  contribute  to  the  run-off  of  Seward 
Peninsula — summer  rains,  melting  of  accumulated  snow,  and  melting 
of  the  frozen  ground. 

Comparatively  few  data  concerning  the  rainfall  are  available  for 
years  prior  to  1906,  when  rainfall  records  were  begun  by  the  Geolog- 
ical Survey  in  connection  with  the  investigations  of  stream  flow. 

aHoyt,  J.  C,  and  Henshaw,  F.  F.,  Water  supply  of  Nome  region,  Seward  Peninsula,  1906:  Wate> 
Supply  and  Irrigation  Paper  No.  106,  U.  S.  Geological  Survey.  The  edition  of  this  paper  is  completely 
exhausted. 
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Records  were  received  from  three  stations  in  1906  and  from  six  in 
1907.  The  daily  and  monthly  rainfall  at  these  points  is  given  on 
pages  136  to  138. 

In  the  opinion  of  the  mining  operators  at  Nome,  the  season  of  1907 
was  one  of  the  best  for  water  supply  since  the  settlement  of  the  r^ion, 
whereas  1906  was  about  the  poorest.  An  examination  of  the  tables 
of  rainfall  will  reveal  the  fact  that  this  difference  must  have  been  due 
less  to  the  greater  total  rainfall  of  1907  than  to  its  more  even  distri- 
bution through  the  season.  A  brief  statement  of  climatic  conditions 
for  the  last  nine  years  is  given  on  page  135. 

At  Salmon  Lake  the  total  rainfall  from  June  to  September  was 
greater  in  1906  than  in  1907  by  nearly  2  inches,  but  as  almost  half  of 
the  total  fell  in  six  days  during  the  heavy  storms  of  July  8  to  10  and 
September  19  to  21,  the  minimum  flow  was  smaller  and  lasted  longer 
than  in  1907. 

The  record  of  snowfall  for  the  winter  of  1906-7  at  Nome  is  the  only 
one  available.  The  total  (88.7  inches)  was  abnormally  high,  and  was 
perhaps  double  that  of  some  other  years.  The  snowfall  in  the  Kig- 
luaik  Mountains  is  probably  much  larger  than  that  on  the  coast. 

In  1906  most  of  the  snow  in  this  region  had  melted  before  the  1st 
of  June.  Only  the  drifts  in  the  gulches  and  along  the  north  sides  of 
the  hills  and  the  ice  banks  along  the  beds  of  the  rivers  remained  after 
the  15th.  The  spring  of  1907  was  much  later  and  the  snowfall  of  the 
previous  winter  was  heavier.  On  June  15  the  ground  in  the  moun- 
tains was  still  largely  covered  with  snow,  and  the  daily  fluctuation 
of  Nome  River,  due  to  the  more  rapid  melting  of  the  snow  in  the  day- 
time, continued  until  about  July  20. 

With  the  exception  of  Sinuk  and  Nome  rivers,  which  have  their 
sources  in  the  mountains  a  short  distance  apart,  the  streams  flowing 
into  Bering  Sea  rise  in  the  foothills  of  the  Kigluaik  Range.  Their 
drainage  areas  have  a  southern  exposure  and  the  snow  on  them 
melts  early  in  the  season.  They  are,  therefore,  dependent  for  their 
water  supply  mostly  on  the  summer  rains.  The  cirques  in  the  Kig- 
luaik Mountains  are  more  protected  and  hold  their  snow  later  in  the 
season,  so  that  the  flow  of  the  streams  which  rise  in  them  is  much 
better  sustained. 

Some  water  finds  its  way  into  the  streams  from  the  melting  of  the 
frozen  ground.  The  frozen  muck  and  ground  ice,  which  carry  a 
large  amount  of  water,  are  protected  with  a  thick  coating  of  moss, 
through  which  the  heat  of  summer  hardly  penetrates,  and  therefore 
they  thaw  very  little.  The  gravelly  and  sandy  soils,  which  often 
thaw  to  a  considerable  depth,  contain  much  less  water.  This  source 
of  water  supply  is  of  minor  importance. 

In  the  Nome  region  there  is  much  ground  which  becomes  thawed 
and  takes  up  the  rain  as  ground  storage,  especially  late  in  the  season. 
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The  coming  of  the  frosts,  however,  checks  the  flow  of  the  ground 
water. 

Owing  to  the  steep  slopes,  the  thinness  of  the  surface  covering, 
and  the  shallow  depth  to  which  the  ground  thaws,  the  water  from 
the  rains  finds  its  way  into  the  streams  in  a  very  short  time,  and  the 
streams  rise  and  fall  very  rapidly.     (See  fig.  1.)     During  the  heavy 


Jutjr'i 


July  21 


July  31 


Au^lO 


Aug  20  Aug  JO 


bepta        Scptes 


Fig.  1.— Diagram  showing  flow  of  Nome  River  above  Miocene  intake  and  of  Grand  Central  River 

below  the  forlu  in  1000. 

storm  of  July  8,  1906,  it  was  noted  that  although  all  supply  gates  of 
the  Miocene  ditch  were  closed  and  the  waste  gates  were  open,  the 
(litch  was  running  full  from  the  rain  water  coining  in  from  the  slopes 
above.  Owing  to  this  lack  of  ground  storage,  which  is  one  of  the 
important  factors  in  maintaining  a  well-sustained  stream  flow  in 
warmer  climates,  the  streams  depend  in  great  part  on  the  rainfall 
and  melting  snow  for  their  supply  and  respond  very  quickly  to  an 
increase  or  decrease  in  either.  If  two  or  three  weeks  pass  with 
hardly  any  rain,  as  during  the  last  week  in  July  and  the  first  half  of 
August  in  both  1906  and  1907,  the  streams  wdll  fall  rapidly. 

A  notable  feature  of  many  drainage  basins  is  the  occurrence  of 
limestone  springs.  These  tend  to  produce  a  very  uniform  flow,  and 
when  the  entire  flow  is  from  this  source,  as  in  the  case  of  Hobson 
Creek,  the  variation  in  discharge  is  small.  Other  streams  deriving 
much  of  their  discharge  from  springs  are  Morning  Call  Creek  and 
Grand  Central  River  in  the  Nome  region,  North  Fork  and  Budd 
Creek  in  the  Kougarok  region,  and  many  creeks  in  the  Solomon  and 
Casadepaga  regions. 
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WATER  SUPPLY   IN   ALASKA,  1906-1907. 
GAGING  STATIONS. 


The  following  list  gives  the  points  in  the  Nome  region  at  whi' 
gages  were  established  or  discharge  measurements  made  in  1906  arc  ^ 
1907.    The  numbers  refer  to  PL  IV. 


Gaging  stations  in  Nome  region,                                             1 

1.  Nome  River  above  Miocene  intake. 

25    Iron  (Dome)  Creek. 

2.  Buffalo  Creek. 

26.  Eldorado  Creek. 

3.  Dorothy  Creek. 

27.  Discovery  CYeek. 

4.  Miocene  ditch  at  Black  Point. 

28.  Canyon  Creek. 

5.  Miocene  ditch  at  flume. 

29.  Sinuk  River. 

6.  HoVjBon    Creek    at    Miocene    ditch 

30.  Windy  Creek. 

crossing. 

31.  North  Star  Creek. 

7.  David  Creek  ditch  intake. 

32.  Stewart  River. 

8.  Seward  ditch  intake. 

33.  Slate  Creek. 

9.  North  Fork  of  Grand  Central  River 

34.  Joeie  Creek. 

at  elevation  750  feet. 

35.  Irene  Creek. 

10.  North  Pork  of  Grand  Central  River 

36.  Jeesie  Creek. 

at  elevation  1.030  feet. 

37.  Upper  Oregon  CVeek. 

11.  West  Fork  of  Grand  Central  River  at 

38.  Slate  Creek. 

elevation  860  feet. 

39.  Aurora  Creek. 

12.  \\e8t  Fork  of  Grand  Central  River  at 

40.  Penny  River  at  elevation  420  feet. 

elevation  1,010  feet. 

41 .  Penny  River  at  elevation  120  feet. 

13.  Crater  Lake  outlet. 

42.  Eldorado  River. 

14.  Grand  Central  River  below  forks. 

43.  Fall  Creek. 

15.  Grand  Central  River  below  Nugget 

44.  Glacier  Creek. 

Creek. 

45.  Snow  Gulch. 

16.  Gold  Run. 

46.  Nome  River  at  Pioneer  intake  and 

J  7.  Thompson  Creek. 

Pioneer  ditch. 

J8.  Nugget  Creek. 

47.  Miocene  ditch  at  Clara  Creek. 

19.  Copper  Creek. 

48.  Rock  Creek. 

20.  Jett  Creek. 

49.  Slate  Creek. 

21.  Morning  Call  Creek. 

50.  Cedric  ditch  above  penstock. 

22.  Kruzgamepa  River  at  outlet  of  Sal- 

51. Snake  River  above  Gla<*ier  Creek. 

mon  Lake. 

52.  Solomon  River  below  Johns  Creek. 

23.  Crater  Creek. 

53.  Solomon  River  below  East  Fork. 

24.  Iron  Creek  below  mouth  of  Canyon 

Creek. 

NOME  RIVER  DRAINAGE  BASIN. 


GENERAL   DESCRIPTION. 


Nome  River  is  formed  by  the  junction  of  Buffalo  and  Deep  Canyon 
creeks,  which  have  their  sources  in  the  Kigluaik  Range.  It  has  a 
drainage  area  of  150  square  miles  and  flows  in  a  general  southerly 
direction  through  a  valley  having  a  length  of  about  40  miles  and  a 
width  ranging  from  4  to  6  miles.  The  elevation  at  the  headwaters 
is  between  3,000  and  4,000  feet,  and  the  altitude  of  the  ridges  that 
bound  the  valley  on  the  east  and  west  averages  1,000  feet.  The 
principal  tributaries  are  David,  Sulphur,  Darling,  Buster,  and  Osbom 
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oreeks  from  the  east  and  Divide,  Dorothy,  Clara,  and  Hobson  creeks 
from  the  west. 

Nome  River  is  the  most  important  source  of  water  for  use  in 
liydrauUcking  the  rich  placer  deposits  on  the  old  beach  lines  back  of 
^ome.  Four  ditches  have  been  built  to  divert  water  for  mining 
purposes.  These  systems,  with  the  elevations  of  their  intakes,  are 
the  Campion,  610  feet;  Miocene,  572  feet;  Seward,  407  feet;  and 
Pioneer,  330  feet. 

Any  additional  water  supply  that  may  be  obtained  in  other  high- 
level  streams  can  best  be  brought  to  the  mines  by  way  of  the  valley 
of  Nome  River.  During  the  seasons  of  1906  and  1907  the  waters  of 
Nugget,  Copper,  and  Jett  creeks  were  diverted  over  the  Nugget 
divide  by  branches  of  the  Miocene  system. 

Discharge  measurements  made  in  this  drainage  area  are  given  in 
the  following  pages. 

NOME   RIVER   ABOVE   MIOCENE   INTAKE. 

This  station,  elevation  about  575  feet,  is  located  between  the  junc- 
tion of  Buffalo  and  Deep  Canyon  creeks  and  the  intake  of  the  Miocene 
ditch.  At  low  water  the  river  at  this  point  has  a  width  of  about  30 
feet,  a  depth  of  li  feet,  and  a  mean  velocity  of  1  foot  per  second.  The 
gage  was  read  twice  daily  by  employees  of  the  Miocene  Ditch  Com- 
pany. 

The  flow  at  this  station  is  affected  by  four  ditches — the  Campion 
ditch,  which  diverts  water  above  the  station,  and  the  Jett  Creek, 
David  Creek,  and  Grand  Central  ditches,  which  bring  in  water  above 
the  station  from  areas  outside  the  Nome  River  basin.  In  order  to 
obtain  the  natural  flow  of  the  river,  the  mean  flow  of  the  Campion 
ditch  has  been  added  to  the  flow  at  the  gaging  station  and  the  flow 
of  the  other  three  ditches  subtracted. 

Discharge  vieasureinents  of  Novie  River  above  Miocene  intake  in  1906-7. 
[Elevation,  575  feet.J 


Date. 

Gam 
height. 

Dis- 
charge. 

June  17  a.. 

1006. 

Feet. 

'"t 

June  28 

6.  is 

.00 
.45 
.40 

.82 

-.01 

.87 

.70 

1.25 

28 

July  3 

21 

Julv5 

54.7 

July  14 

50.5 

Do 

117 

August  3 

21.4 

Aiunist  23 

121 

%o.!!.-::  ::"-:::---. 

87 

June  21 . . . 

1907. 

135 

Date. 


June  22. 

June  30 

July  10 

July  12 

July  17 

August  4 

Do 

August  7 

August  17 

Do 

September  4 . 
September  9. 


1907. 


Gage 
height. 

Feet. 
1.25  ' 
1.09 
.95 
.78 
.60 
.44 
.36  , 
.25 
.75 
.68 
.53 
.96 


Dis- 
I  chaise. 

!  141 

95 

120 
74 
43 
37 
37 
25 
82 
72 
48 

124 


a  One-half  mile  above  Dorothy  Creeic 
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WATEE  SUPPLY  IN  ALASKA,  1906-1907. 


Daily  gage  height  and  discharge  of  Nome  River  at  Miocene  intake^  1906-7, 
[Drainage  area,  15  square  xnlles.] 


Day. 


Total. 


David  Creek  ditch... 

Jett  Creek  ditch 

Grand  Central  ditch. 


Total. 


Mean  at  gaging  station 

Mean  of  Campion  ditch 


Natural  flow  of  Nome  River. 

Run-off  per  square  mile 

Run-off,  depth  in  inches 


1 

^'.! 

2 

3 

0.00 

.25 

.48 
.31 
.28 
1.31 

1  ,'iO 

4 

5 

6 

7 : 

8                                    ... 

9:::::  .::.:..: 

10 

85 

11 

.58' 

12 

.GO 

13 

50 

14 

61 

15 

.^1 

16 ..     .. 

4Q' 

17 

4f> 

18 

38 

m 

.26 

20 

16 

21 

14 

22 

13 

23 

36 

24 

31 

25 

?6 

26 

.18 

27 , 

1? 

28 t. ..:::::::: 

OQ 

29 

.06 
.04 
02 

30 

31 

«  Approximate. 

Note.— Discharges  for  1907  were  computed  from  three  rating  curves,  covering  June  15  to  July  3, 
July  4  to  August  4.  and  August  5  to  September  30.  The  channel  below  the  gage  was  scraped  out 
witn  horses  on  July  1  to  7  and  August  4. 
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Natural  daily  discharge,  in  second-feet,  of  Nome  River  at  Miocene  intake,  1907. 


Day. 

June. 

July. 

Aug. 

26 
26 
25 
24 
23 
23 
19 
22 
22 
19 
19 
19 
18 
20 
16 
34 
63 

Sept.  ' 

Day. 

June. 

July. 

46 
53 
66 
100 
49 
48 
44 
39 
37 
29 
26 
23 
30 
33 

Aug. 

57 
45 
37 
29 
30 
29 
28 
25 
50 
56 
44 
46 
76 
49 

Sept. 

1 

122 

88 

80 

117 

117 

168 

150 

108 

88 

101 

112 

70 

76 

63 

51 

52 

43 

43  1  18 

38   19 

36   20 

40  ,  21 

35  l22 

34   23 

378 

237 

169 

141 

149 

146 

253 

41 

2 

43 

3 

40 

4 

35 

0.. ............. 

22 
18 

7   

29 
29 

24 

31 

8 

2.5 

225 

;   222 

1    174 

141 

1    155 

1    124 

30 

9 

101   26 

307  1  27 

30 

10 

28 

11 

200 

63 
57 

28 

29 

30 

31 

27 

12 

13 

14 

3^ 

192 
149 

26 
18 

15 

16 

17 

Mean 

202 

72.2 

32.9 

58.4 

NOME    RIVER    AT    PIONEER   INTAKE    AND    PIONEER   DITCH. 

These  stations  were  established  to  obtain  the  total  discharge  of 
Nome  River  available  for  the  three  ditches.  Both  were  located 
about  one-fourth  mile  below  the  diversion  dam  of  the  Pioneer  ditch. 

Gage  heights  were  obtained  for  only  a  short  period  in  August, 
when  readings  were  made  by  employees  of  the  Pioneer  Mining 
Company. 

To  obtain  the  natural  flow  of  the  river,  the  discharge  of  the  Seward 
ditch  at  intake  and  of  the  Miocene  ditch  at  Clara  Creek  has  been 
added,  and  that  of  the  two  ditches  discharging  over  Nugget  divide 
subtracted.  The  run-off  per  square  mile  thus  obtained  is  slightly 
greater  than  that  of  the  river  at  the  Miocene  intake  for  the  same 
period.  The  discharge  at  this  station  can,  therefore,  be  conserva- 
tively estimated  at  the  same  rate  per  square  mile  as  that  at  the  upper 
station. 

Discharge  measurements  of  Nome  River  at  Pioneer  intake  and  Pioneer  ditch,  1907. 

[Elevation,  330  feel.] 
NOME  RIVER. 


Oage  Dis- 

height.  I  charge. 


Feet.         Sec.  ft. 
1.39  I  25 

1.49  4ti 


1.41 
1.44 


24.3 
25.0 
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WATER  SUPPLY  TN  ALASKA,  1906-190: 


D<£ily  gage-height  and  discharge  of  Nome  River  and  diversions  at  Pioneer  intake, 

August,  1907. 

[Drainage  area.  38  square  miles.] 


Day. 


21., 
22. 
23.. 
24. 
25.. 
»>. 
27. 
28.. 
29. 
30. 
31. 


Nome  River. 

Gage 
height. 

Dis- 
charge. 

Feet. 
1.40 

'"t 

1.30 

16 

1.30 

16 

1.25 

12 

1.25 

12 

1.55 

52 

1.60 

62 

1.57 

55 

1.52 

47 

1.75 

95 

1.55 

52 

Pioneer  ditch. 


Gage 
height. 


Feet. 
1.43 
1.40 
1.42 
1.42 
1.48 
1.48 
1.40 
1.38 
1.30 
1.30 
1.36 


Dis- 
charge.; 


I 
Seward,  JIL  ' 


ditch. 


I  ocene  i  Total 


Sec.  ft.    Sec.  ft.] 


25.0 
24.0 
24.7 

24.7  ' 

26.8  ' 
26.8  ' 
24.0  I 
23.4  I 
20.8  I 
23.7  I 
22.7 


29.0 
26.9 
27.9 
27.9 
29.0 
29.0 
27.2 
27.2 
27.9 
28.6 
28.6 


ditch. 


Sec.  ft 
34.0 
34.0 
34.0 
33.0 
34.6 
35.2 
35.2 
35.2 
35.2 
35.2 
35.2 


'     Di- 
I  verted 
]    over 
.Nugget 
divide.  I 


Net 
total. 


I 


I  Noe» 

River 

'  at  If  i.> 

ceis 
intakf. 


Sec.  ft. 

117 

I      101 


103 
143 
148 
140 
131 
183 
139 


Sec.  ft. 
17.5 
15.3 
14.2 
16.2 
14.9 
14.2 
14.9 
15.6 
16.9 
14.9 
14.» 


[See.  ft. 
I    100 

89 
82  I 
88 
129 
133 
124 
114 
168 
124 


Mean 

Run-oflF  per  square 
mile 


40.: 


24.2  I      28.1         34.6  |       128  i       15.4 


•f- 


112 
2.» 


Set.  fl 


41.9 

2.* 


BUFFALO    CREEK. 


Buffalo  Creek  rises  in  a  high  U-shaped  valley  on  the  south  side  of 
the  Kigluaik  Mountains,  and  after  a  steep  descent  joins  Deep  Canyon 
Creek,  forming  Nome  River.     Measurements  were  made  as  follo^i's: 


Discharge  measurements  on  Buffalo  Creek  in  1906. 
[Elevation,  800  feet;  drainage  area,  4.4  square  miles.] 


Ser<Hid. 
fopt. 

..    18.  J 


June  28 

July  6 23.3 

August  3 9. 1 


DAVID    CREEK. 

David  Creek  is  the  first  large  tributary  of  Nome  River  below  the 
junction  of  Buffalo  and  Deep  Canyon  creeks.  Its  valley  has  a  north- 
westward exposure,  and  holds  a  considerable  amount  of  snow  well 
into  the  summer. 

The  discharge  of  the  David  Creek  lateral  of  the  Miocene  ditch  (see 
p.  33)  is  equal  to  that  of  the  creek  at  the  point  of  diversion  at  times 
of  low  water.  This  has  been  compared  with  the  natural  flow  of  Nome 
River  for  five  such  periods,  as  follows: 

Comparison^ of  flow  of  David  Creek  and  Nom£  River  at  Miocene  intake,  1907. 


Date. 


July  25-31 

August  1-16 

August  19-25 

Seotember  3-8. . . . 
September  19-30. . 


David 

Creek 

David    1    in  per 

Creek.    ,   cent  of 

'    Nome 

I    River. 


46 
47 
43 
35 
3S 
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The  above  table  shows  that  the  discharge  of  David  Creek  was  from 
47  to  35  per  cent  of  that  of  Nome  Kiver.  The  discharge  for  other 
periods  than  those  given  has  therefore  been  taken  as  45  per  cent  of 
that  of  Nome  River  for  July,  40  per  cent  for  August,  and  35  per  cent 
for  September. 

Monthly  discharge  of  David  Creek  at   Miocene  intake,  1907. 
(Draloage  ana,4.3  square  miles. 


Month. 


July 

August 

September. . . 

92  days. 


Dischaige  in  second-feet. 


Run-off. 


Maximum. 


76 
30 
107 


107 


Minimum.      Mean. 


10.9  I 
8.9  ' 
8.3  , 


32.2 
14.2 
20.7 


Second- 
feet  per 
square 
mile. 


7.49 
3.30 
4.81 


8.3 


22.4 


5.20 


Depth  In 
inches. 


8.64 
3.80 
5.37 


17.81 


DOROTHY   CREEK. 

Dorothy  Creek,  which  enters  Nome  River  from  the  southwest,  is  a 
short,  precipitous  stream.  It  receives  water  from  the  Campion  ditch, 
as  noted  on  page  35.  The  following  discharge  measurements  were 
made  above  the  outlet  of  the  ditch: 

Discharge  measurements  on  Dorothy  Creek  in  1906. 

lElevation,  500  feet;  drainage  area,  2.7  square  miles.] 

Second- 
feet. 

June  16 5.1 

July  29 3.0 

August  18 2.9 

HOBSON    CREEK. 

Hobson  Creek  is  one  of  the  most  interesting  and  valuable  streams 
in  the  Nome  region.  It  rises  south  of  Dorothy  Creek,  flows  south- 
ward and  discharges  into  Nome  River  about  18  miles  from  the  sea- 
coast.  It  is  about  4  miles  long  and  very  steep.  Its  only  important 
tributary  is  Manila  Creek,  which  becomes  dry  at  low  water.  Hobson 
Creek  is  notable  for  the  large  limestone  springs  from  which  it  receiver 
its  water.  The  highest  of  these  springs  emerges  just  above  the  dam 
at  the  Miocene  ditch  crossing.  Above  them  a  trench  has  been  dug 
across  the  stream  to  solid  rock,  and  no  flow  was  intercepted.  Be- 
tween the  dam  and  the  mouth  of  Manila  Creek  there  are  many  springs, 
none  of  them  very  large,  but  giving  an  aggregate  discharge  nearly 
equal  to  that  above  the  Miocene  intake. 

At  low  water  the  Miocene  ditch  obtains  nearly  half  its  water  supply 
from  Hobson  Creek.  Laterals  have  also  been  built  to  the  other 
ditches,  that  to  the  Seward  lying  on  the  east  bank  and  the  Pioneer 
branch  on  the  west  bank. 
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The  water  from  Hobson  Creek  is  valuable  not  only  on  account  of  its 
remarkably  uniform  flow  but  also  on  account  of  its  high  temperature, 
which  prevents  the  formation  of  slush  ice  during  cold  ni^tfl  and 
makes  it  possible  to  run  the  ditches  somewhat  longer  than  they 
could  be  with  Nome  River  water  alone. 

In  the  opinion  of  employees  of  the  Miocene  Ditch  Company  the 
extreme  range  of  the  discharge  of  the  upper  springs  is  from  8  to  32 
second-feet  during  the  summer  season.  During  the  winter  they 
probably  rim  somewhat  lower,  but  always  remain  open. 

Daily  discharge,  in  second-feet^  of  Bobson  Creek  at  Miocene  intake,  IB&t. 
[Elevation.  500  feet;  drainage  area,  2.A  square  miles.] 


Day. 

Jxme.  i  July. 

Aug.  i 

20.4  1 
18.7  1 
19.1 
19.3  , 
19.2 
18.9 
19.4 
17.3 

18.1  1 

18.2  ' 
16.2 
16.7 
16.4 
16.4 
16.3 
1<V9 
14.7 
14.7 
14.3 

Sept. 

17.7 
17.3 
17.3 
17.7 
17.3 
16.9 
16.5 
17.9 
16.6 
18.2 
20.0 
20.5 
21.0 
21.9 
20.3 
20.6 
20.6 
20.7 
20.3 

Day. 
20 

—  ' 

June. 

July. 

Aug. 

14.3 
15.4 
117 
14.3 
16l8 
18.3 
17.3 
17.3 
17.3 
17.7 
17.7 
17.7 

Sept. 

1 

25.5 

24.9 

'      23.8 

22.6 
23.0 
21.1 
22.3 
23.5 
22.7 
24.2 
21.8 
21.4 

2a2 

20.9 
21.2 

19  S 

2 

21 

Vf.: 

3 

22..    .. 

1*3 

4 

22. 7 

22.7 

23 

22. 3 

.•J 

24     ... 

^•r, 

(> 

1      21.1 

19.0 

2.') 

:r 

2G 

jii.,i 

h 

25. 8 

!      24.5 

22. 7 

23. 0 

1      24.0 

23  0 

1  27 

it: 

9 

'  28     ... 

26.7 
25.8 
25.0 

i?.' 

10 

11 

12 

29 

,  30 

31 



14? 

n 

\u^ 

Run-oif 
square  m 

Run-off,   d 
1     in  inches 

1 

per 
ie.... 
epth 



14 1. 

15 

'.:.:::;    23^0 

19.7 

25.8 
9.92 
l.U 

22.6 
8.69 
10.02 

17.1 
6.58 
7.59 

15*1 

Hi 

17 

23.1 

,      21.4 

7  '^ 

18 

1      23.2 

22.3 

1 

\^ 

19 

1 

Note.— These  discharges  were  obtained  by  subtracting  those  of  the  Miocene  ditch  above  tbe  daffl 
from  the  flow  of  the  ditcn  below  the  dam.  and  adding  the  amount  spilled  from  the  waste  way,  as  esti- 
mated by  C.  A.  McDermith.    Some  water  was  being  spilled  from  July  16  to  26  and  September  12  tr  Jn 

Discharge  measurements  of  Hobson  Creek  below  Manila  Creek  and  diversion*,  190^- 
[Drainage  area,  5.1  square  miles. 


Point  of  measurement. 

JMly2. 

Sec.  ft.   1 
24.9  ' 
0.0, 
0.0  1 
25.0 

49.9, 

July  9. 

5.2 
0.0 
21.0 

July  19. 

Aug.  9. 

Sept.^L 

Miocene  intalce 

6.2 
0.0 
17.7 

4.3 
0.0 
10.7 

Sf(.  f^- 

Seward  lateral 

ib 

Pioneer  lateral..     .        .                         .       . 

.^^ 

Hobson  Creek  Ijelow  Manila  Creelc 

5.1' 

50.7 

45.2 

33,1 

MJ 

THE    MIOCENE    DFTCH   SYSTEM. 


GENERAL  DESCRIPTION. 


The  Miocene  ditch  system  includes  31  miles  of  main  ditch  and  31 
miles  of  lateral  feeders  and  distributing  ditches,  8  miles  of  which  are 
under  construction.  (See  PI.  Ill,  B^  and  PI.  V.)  This  ditch  diverts 
water  from  upper  Glacier  Creek,  upper  Snake  River,  Nome  River  and 


Digitized  by 


Google 


o 


u 

o 


z 

D 

o 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


NOME   RIVER   DRAINAGE   BASIN.  25 

its  tributaries,  and  from  the  Grand  Central  River  drainage  for  use  on 
olaims  along  lower  Glacier,  Dexter,  and  Anvil  creeks. 

The  first  section  of  this  system  was  built  in  1901,  from  upper  Glacier 

Oreek  to  Snow  Gulch,  this  being  the  first  ditch  in  Seward  Peninsula. 

In  1902  an  extension  was  made  from  Ex  to  Hobson  Creek,  and  in  1903 

the  ditch  was  extended  to  the  head  of  Nome  River,  these  three  sec- 

trions  constituting  the  main  line  of  the  system,  with  a  length  of  31 

miles.     The  elevation  of  the  intake  is  572  feet  and  that  of  the  lower 

end  420  feet,  giving  a  fall  of  152  feet.     This  fall  varies  at  different 

points  along  the  ditch,  ranging  from  3.17  to  7  feet  per  mile.     There 

are  two  siphons,  one  at  Dorothy  Creek,  24  inches  by  300  feet,  which 

carries  about  40  second-feet,  and  one  at  Manila  Creek,  40  inches  by 

1,000  feet.     Below  Willow  Creek  there  is  a  1,100-foot  flume.     The 

main  ditch  has  an  average  width  of  8  feet  above  and  10  feet  below 

Hobson  Creek,  and  a  capacity  of  60  second-feet.     The  mean  flow  is 

about  40  second-feet. 

The  water  is  delivered  from  the  end  of  the  ditch  on  claims  along 
Glacier  Creek;  on  Anvil  Creek  by  a  tunnel  1,800  feet  long  and  4  by  6 
feet  in  cross  section,  built  in  1903  arid  1904;  and  on  Dexter  Creek  by 
a  ditch  from  Ex  around  the  south  side  of  King  Mountain. 

The  lateral  feeders,  in  order  up  the  ditch,  are:  (1)  From  upper 
Glacier  Creek  to  Ex  (this  was  the  upper  portion  of  the  first  section  of 
the  main  ditch);  (2)  from  Grouse  and  Cold  creeks  to  flume;  (3)  from 
upper  New  Eldorado  Creek  to  Buster  Creek  (it  was  originally  intended 
to  connect  this  feeder  with  the  main  ditch  by  a  siphon  across  Nome 
River,  but  in  1907  it  was  extended  to  producing  ground  on  Buster 
Creek);  (4)  the  David  Creek  ditch,  which  empties  into  Nome  River 
above  the  intake;  (5)  the  Jett  Creek  ditch,  which  takes  water  from 
Jett  and  Copper  creeks  and  carries  it  over  the  Nugget  divide;  (6)  the 
Grand  Central  ditch,  which  is  under  construction  (this  ditch  diverts 
water  from  Nugget  Creek  and  will  tap  the  headwaters  of  Grand  Cen- 
tral River). 

As  a  rule  water  can  not  be  turned  into  ditches  in  this  region  before 
July  1,  as  there  is  too  much  frost  in  the  ground.  In  1906  the  water 
of  Hobson  Creek  was  turned  into  the  ditch  about  June  20  and  that  of 
Nome  River  about  June  26,  but  before  July  1  it  was  turned  out  fre- 
quently to  permit  repairs.  The  ditch  was  also  out  of  use  on  account 
of  a  break  from  July  8  to  11,  inclusive,  after  which  the  water  ran 
almost  continually.  The  Nome  River  water  was  turned  out  October 
12,  and  the  Hobson  Creek  water  on  the  morning  of  the  13th.  This 
season  was  somewhat  longer  than  usual.  In  1907  the  Hobson  Creek 
water  was  turned  in  on  June  27  and  that  from  Nome  River  on  July  3, 
but  the  ditch  was  not  run  to  its  full  capacity  until  July  27.  All  water 
was  turned  out  on  October  3.     A  break  occurred  just  below  Ilobson 
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Creek  on  September  10  and  all  water  turned  out  for  thirty-thiee 
hours;  this  was  practically  the  only  interruption  in  the  flow. 

During  1906  two  gaging  stations  were  maintained  on  the  ditcb— 
one  at  Black  Point,  about  1  mile  below  the  intake,  to  determine  the 
amount  of  water  diverted  from  Nome  River,  and  one  at  the  flume, 
which  gives  practically  the  total  amount  delivered  at  the  mines. 

In  1907  three  additional  stations  were  established — at  Clara  Creek, 
above  Hobson  Creek,  and  bejow  Hobson  Crieek.  The  difference  in 
discharge  at  the  last  two  gives  the  flow  of  the  creek  (p.  24).  The  dif- 
ference between  the  flow  at  any  of  the  other  stations  and  that  at  the 
one  below  it  gives  the  loss  by  seepage  in  that  portion  of  the  ditch. 
The  Grouse  Creek  lateral  joins  the  main  ditch  between  Hobson  Creek 
and  the  flume  and  sometimes  causes  an  increased  discharge  at  the 
flume  as  compared  with  that  at  the  creek  station.  MeasuremenU  of 
this  lateral  are  given  on  page  35.  The  distances  by  ditch  between  sta- 
tions are  as  follows:  Black  Point  to  Clara  Creek,  7.1  miles:  Clan 
Creek  to  Hobson  Creek,  4.9  miles;  Hobson  Creek  to  the  flume,  4.2 
miles;  the  flume  to  the  Ex,  9.5  miles.  Measurements  at  the  Ex  are 
given  on  page  30.  The  flow  of  the  Glacier  Creek  lateral  about  equals 
the  seepage  below  the  flume. 

The  results  of  measurements  at  the  above-named  stations  are 
given  in  the  following  pages.  All  the  gages  were  read  by  employees 
of  the  Miocene  Ditch  Company  from  two  to  four  times  a  day.  Gage 
readings  taken  after  September  30  were  unreliable,  on  account  of  the 
slush  ice  that  was  running,  and  the  discharge  for  the  last  few  days  in 
September  may  be  slightly  too  large,  for  the  same  reason. 

DUcharge  nieasureinenU  of  Miocene  ditch  at  Black  Point,  1906-7. 


Date. 


Gage 
height. 


Dis- 
charge. 


Date. 


July  7 . . 

July  13 

July  21 

July  27 

July  29 

August  2 

August  11 

Augustus 

September  11.. 
September  25. . 


\90i\. 


Feet. 

0.80  ' 
.89 
.71 
.68  • 

.39 
1.20  I 
1.30 

.85 
1.10  , 


Sec.  ft. 
31.8 


July  4 

34.1  July  10.. 
27.5,1  July  17.... 
25.7  '  August 2.. 
20.6  I  August  6.. 
18. 1  ,'  August  16. 
44.7/  Do.... 

48.3 
30.7 
38.2 


1907. 


Gag« 

Wf- 

eight. 

charp. 

Fret. 

Seat 

0.51 

21* 

.57 

.»4l 

.79 

«u  t 

.96 

jH 

.62 

•25  1 

91 

o3-J 

1.13 

ei 
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Daily  gage  height  and  discharge  of  Miocene  ditch  at  Black  Pointy  1906-7. 


1906. 

1907. 

J 

•M 

1 

0.70 
.70 
.60 
.85 
.95 
.88 
.85 

Illy. 

f 

Sec.^t. 
27 
27 
24 
31.5 
318 
32.4 
31.5 

0 

0 

0 
21 

3a5 
3&5 
3a5 
43.5 
40 
40 
40 
33.7 
27 
27 
216 
31.5 
318 
33.7 
28.5 
216 
22.2 
21 
19.9 
19.2 

August. 

September. 

J 

uly. 
Sec.-ft. 

Au 

1 

Feet. 

1.05 

.06 

.91 

.85 

.80 

.66 

.61 

.64 

.61 

.52 

.52 

.52 

.50 

.55 

.45 

.90 

1.15 

1.15 

1.15 

1.16 

1.16 

1.16 

1.10 

1.06 

1.02 

1.15 

1.16 

1.16 

1.16 

1.15 

1.15 

gUBt. 

September. 

Day. 

f 

1 

Feet. 

0.40 
.38 
.35 
.34 
.33 
.34 
.52 
.48 
.37 
.40 
.81 
.82 
.96 
.60 
.50 
.50 
.45 
.39 

;2! 

1.12 
1.03 
1.17 
1.19 
1.20 
1.17 
1.16 
1.20 
1.20 
1.20 
1.20 

See.-ft. 
18.8 
18.5 
18 
17.8 
17.7 
17.8 
21.6 
20.6 
18.3 
18.8 
30.3 
3a6 
35.1 
24 
21 
21 

1 
1 

Feet. 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.17 
1.04 
1.00 
.98 
.82 
.80 
.80 
.76 
.72 
.06 

s 

Ste.-fl. 
43.5 
43.5 
43.5 
43.5 
43.5 
43.5 
42.4 
37.9 
36.5 
35l8 
30.6 
30 
30 
28.8 
27.6 
2&8 
2&2 
29.4 
30 
23.4 
26.7 
33.7 
36.5 
35.1 
38.2 
38.6 
412 
43.5 
43.5 
43.5 

i 
1 

Feet. 

1 

1 

Feet. 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 

\:^ 

1. 10 
.80 
.48 
.98 
1.15 
1.06 
1.00 
1.00 
1.00 
1.00 

1   (IR 

1 

1 

8ec.-ft. 
38.8 
36.5 
312 
32.2 
30.7 
27.0 
21 P 
25.8 
219 
22.3 
22.3 
22.3 
21.7 
23.1 
2a4 
33.8 
42.2 
42.2 
42.2 

'"t. 

2           

42.2 

4        

0.52 
.50 
.50 
.45 
.40 
.48 
.48 
.50 
.50 
.50 
.50 
.50 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.85 
.86 

1.00 
.94 
.94 
.96 

1.10 

22.3 
21.7 
21.7 
20.4 
19.2 
21.1 
21.1 
21.7 
21.7 
21.7 
21.7 
21.7 
30.7 
30.7 
30.7 
30.7 
30.7 
30.7 
30.7 
30.7 
30.7 
30.7 
32.2 
32.6 
37.1 
35.1 
35.1 
35.8 
40.5 

42.2 
42.2 

5 

42.2 

ti 

42.2 

7 

38.4 

8      

39.8 

9 

40.5 

lO    

30.7 

11 

12 

13 

14 

15 

iti 

.50 
1.00 
1.00 
1.00 
1.20 
1.10 
1.10 
1.10 
.92 
.70 
.70 
.62 
.85 
.95 
.92 
.75 

:S 

.42 

21.1 
36.5 
42.2 
39.8 
37.1 
37.1 

17      

19.9       .64 

18. 6  1    .78 

20.1  .80 
31.8  ,    .58 

40.7  1    .60 
37.6  '    .92 
42.  4  ,  1. 00 

43.2  .96 
43.5     1.05 

42.4  1.06 
42.1  '  1.22 

43.5  1  1.20 
43.5     1.20 
43.5     1.20 
43.5    

37.1 

18 

37.1 

19      

39.8 

2<l 

42. 6     i.  15 
42.6  I  1.08 
42. 0  '  1. 15 
40.  5  '  1. 15 
39.8     1-Oft 

42.2 

21     

39.8 

22 

42.2 

23    

42.2 

24 

39.1 

25 

2t> 

27 

28 

29 

30 

.31 

37.7 
42.2 
42.6 
42.6 
42.6 
42.2 
42.2 

34.4 

1.00 
1.04 
.98 
.94 
1.02 
1.12 

37.1 
38.4 
36.5 
35.1 

37.7 
41.2 

MeAn.... 

27.4 

29.2 

35.9 

28.0 

38.7 

Discharge  measurements  of  Miocene  ditch  at  Clara  Creek,  1907. 


Date. 


Qase 
height. 


,  Feet. 

July9 1  0.50 

July  18 .79 

AugU8t9 ;  .60 


Dis- 
chaige. 

Sec.-ft. 
18.2 
27.7 
21.1 


Date. 


August  20 ... . 

August  29 

September  27 


Gase  Dis- 

heignt.      charge. 


Feet. 
0.91 
.92 

.88 


Sec.-ft. 
35.2 
317 
310 
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Daily  gage  height  and  discharge  of  Miocene  ditch  at  Clara  Creel.  1907. 


July. 

August. 

September,   i 

July. 

Aosost. 

Septer^r- 

Day. 

1    i 

§ 

g, 

1 

1      Day. 

1 

& 

1      h 

»        5 

1  i 

^          53 

1     1 

1 

1 

1 

.2 

1  ,   1 

o 

Q 

^ 

O 

o 

Feet. 

A 

! 
1 

O 

O 

O            Q 

c      - 

Feet. 

Sec.-ft. 

Feet. 

Sec.'fl. 

Sec.'ft. 

Feet. 

Sec-ft. 

Feet.  1  Sec.-fi. 

Feet.  Sr-r 

1 

0.89 

33.5 

0.92 

35.2 

1  18 

a82 

aao 

0.91        34.6 

0.91       H 

2 

.85 

31.5 

.92 

35.2 

1  19 

.79 

2&6 

.90        34.0 

.92       *- 

3 



O18.0 
«19.0 
0  19.0 
o  19. 0  ' 

.84 
.80 
.78 
.06 
.60 

31.0 
29.0 
28.1 
23.1 
21.0 

.92 
.92 
.92 
.91 
.89 

35.2 
25.2 
35.2 
34.6 
33.5 

20 

ii::;:::: 

23 

24 

.79 
.81 
.82 
.80 
.80 

2&6 
29.5 

aao 

29.0 
29.0 

.91        34.6 
.90        34.0 
.90  ,     34.0 
.90        34.0 
.88       33.0 

.85 

4...   . 

.95      r 

5 

.88        A. 

ti . 

.SS  '      .E 

7 

0.52 

18.8 

.92      2:.- 

8 

.55       19.6, 

.58 

2a4 

.88 

33.0 

25 

.80 

29.0 

.91 

34.6 

.90        K 

9 

.50'    ia2' 

.55 

19.6 

.92 

35.2 

26 

.82 

30.0 

.92 

35.2 

.92        !•- 

10 ' 

.54'     19.  3  1 

.52 

18w8 

.09 

24.2 

27 

.88 

33.0 

.92 

35.2 

.88        ^ 

11 

.  56  ,     19. 9  ' 

.50 

ia2 

.70 

24.5 

28 

.88 

33.0 

.92 

35.2  . 

.S4        S 

12 

.46       17. 2  , 

.50 

ia2 

.88 

33.0 

29 

.83 

30.5 

.92 

35.2 

.S8        il 

13 

.50;     18.2 

.48 

17.7 

.95 

37.0 

30 

.89 

33.5 

.92 

35.2 

.88        3* 

14 

.51  ,     18.5  1 

.52 

ia8 

.95 

37.0 

131 

.92 

35.2 

.92  .    35.2 

15 

16 

.71       25.0 
.82       30.0 

.48 
.72 

17.7 
26.4 

.94 
.91 

9A   A. 

1 

34. 6  ,1       Mf^An. 

25.4 

i    2fL7  1 

a" 

17 

.75 

26.8 

1 

.92 

35.2 

.91 

34.6 

i 

i     -1 

1 

a  Estimated  from  Black  Point  records. 
Discharge  measurements  of  Miocene  ditch  above  Hobson  Creek,  1907, 


Date. 


July  9... 
July  19.. 
August  9 


Gage 
height. 


Dis- 
charge. 


Feet.         Sec.'ft. 
0. 88  17. 6 

1.26  25.7 


Date. 


height. 


August  29 

September  27 . 


.98  18. 8  I    September  28 


Feet.     ,  Sec.-fi 

1.38  1  V^i 

1.36,  31. 

1.30  I  31.^ 


Daily  gage  height  and  discharge  of  Miocene  ditch  above  Hobson  Creek,  1907. 


Day. 
1 

July. 

1  :  & 

FeH.  [Sec.^t. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

10 

17 

0.80  ,    14.7 
.90       17.3 
.90       17.3 
.90       17.3 
.93       18. 1 
.77       13.9 
.89  1     17.0 
.90  1     17.3 
.89  1     17.0 
.85  1     16.0 
.89       17.0 
.  89       17. 0 
1.22  '    27.7 
1.17       25.9 
1.21       27.4 

^st. 

Sept< 

^ 

1 

i 

C 

o 

Sec.-ft. 

Feet. 

33.1 

1.38 

31.0 

1.38 

30,0 

1.38 

27.0 

1.38 

26.3 

1.38 

21.5 

1.38 

19.3 

1.35 

18.7 

1.31 

19.9 

1.39 

17.3 

1.42 

16.8 

16.3 

1.34 

15.7 

1.40 

17.9 

1.40 

14.7 

1.37 

20.8 

1.36 

33.8 

1.36 

amber. 

July. 

August. 

September. 

4^ 

*i 

**    1 

i 

Day. 

t 

& 

1 

t  i 

A  ■ 

1 

i 

|!i 

A 

O 

O 

c 

« 

O 

p 

Sec.^t. 
3^5 

1 

Feet. 

Sec.-fi. 

Feet. 

Sec.'ft. 

Feet. 

^''.1\ 

18 

1.20 

27.0 

1.38 

33.5 

1.37 

33.1 

33.5 

19 

1.20 

27.0 

1.38 

33.5 

1.38 

Zl'^ 

33.5 

20 

1.16 

25.6 

1.38 

33.5 

1.35 

3i< 

33.5 

21 

1.21 

27.4 

1.38 

33.5 

1.39 

33.^ 

33.5 

22 

1.21 

27.4 

1.38 

33.5 

1.39 

»s 

33.5 

23 

1.23 

28.1 

1.37 

33.1 

1.29 

3a  2 

32.4 

24 

1.24 

28.4 

1.29 

30.2 

1.39 

S^^ 

31.0 

25 

1.22 

27.7 

1.30 

30.6 

1.39 

33.  "^ 

33.8 

26 

1.22 

27.7 

1.38 

33.5 

1.39 

33  s 

34.9 

27 

1.33 

31.7 

1.38 

33.5 

1.35 

S2.4 

0 

28 

1.33 

31.7 

1.38 

^5 

1.27 

29.  :i 

32.0 

29 

1.28 

29.9 

1.38 

33.5 

1.30 

30.1" 

34.2 

30 

1,27 

29.5 

1.38 

33.5 

1.35 

3H 

34.2 

31 

1.38 

33.5 

1.38 

33.5 

33.1 
32.8 

'**■■*",       

Mean.. 



23.6 

27.4 

;  31.8 

32.8 

1 
1   _. 
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Discharge  measvuremenU  of  Miocene  ditch  below  Hobaon  Creek,  1907, 


Date. 


Gaffe 
hd^t. 


Dl8- 

chazge. 


Date. 


1  Feet.  8ec-/t. 

riily  2 1.60  24.8 

I  Illy  9 '         2.08,  39.1 

Inly  19 ;         2.30  '  4ft.8 


I  July  24 

I  September  27. 


Gaee  Dis- 

height.  I  charge. 


Feet.     I  Sec.-/t. 
2.38  I  49.4 

2.38  ,  52.0 


Daily  gage  height  and  discharge  of  Miocene  ditch  below  Ilobson  Creek,  1907. 


Day. 


June. 


Oage    !      Dt8- 
ht.      charge. 


1... 
2... 
3... 
4.  .. 

6-  .. 


».  . 

in.. 
II-. 
12.  . 

14.. 

\h.. 

16.  . 

17.. 

18.. 

19.. 

20.. 

21.. 

22. 

23. 

24. 

2h. 

2fi. 

27 

2S. 

29. 

30. 

31. 


Feet. 


8ec.-ft. 


1.68  I 

1.64 

1.60 


26.7  I 
25.8 
25.0  I 


July. 

T 


August. 


September. 


Gage  Dis-     '     Gage 

height,      charge.  '  height. 


Feet. 
1.63 
1.60 
1.74 
2.10 
2.10 
2.a5 
2.03 
2.09 
2.14 
2.10 
2  10 
2.10 
2.10 
2.10 
2.30 
2.29 
2.31 
2.32 
2.31 
2.30 
2.30 
2.33 
2.38 
2.38 
2.34 
2.38 
2.46 
2.45 
2.37 
2.38 
2.49 


Mean. 


25.8 


8ec.-ft. 
25.5 
24.9 
28.3 
40.0 
40.0 
38.4 
37.7 
30.7 
41.5 
40.0 
40.0 
40.0 
40.0 
40.0  I 
47.4 
47.0 
47.8 
48.2 
47.8 
47.4 
47.4 
48.5 
50.4 
50.4 
48.9 
50.4 
53.5 
53.1 
50.1 
5a4 
54.7 


Feet. 
2.46 
2.36 
2.36 
2.27 
2.25 
2.11 
2.06 
1.98 
2.04 
1.05 
1.89 
1.80 
1.86 
1.93 
1.83 
2.03 
2.33 
2.32 
2.31 
2.31 
2.34 
2.32 
2.30 
2.29 
2.34 
2.39 
2.39 
2.39 
2.40 
2.40 
2.40 


Dis-  Gage 

charge,  i  height. 


Dis- 
charge. 


Sec.-ft.  1 
53.5  I 
49.7 

49.7  I 
46.3 
45.5  I 
40.4 
38.7 
36.0  I 
38.0  j 
35.5 
33.0    . 
33.0 
32.1 
34.3  I 
31.0  I 
37.7 
48.5  I 
48.2  ' 

47.8  I 
47.8  I 
48.9 
48.2 
47.4 
47.0 
48.9 
50.8 
50.8 
50.8 
51.2 
51.2 
51.2 


43.8  I 


I 


45.3 


Feet. 
2.40  I 
2.39  I 
2.39  I 
2.40 
2.39 
2.38 
2.34 
2.34 
2.38 
2.45 


2.33 
2.40 
2  37 
2.30 
2.30 
2.30 
2.31 
2.31 
2.34 
2.33 
2.32 
2.33 
2.38 
2.36 
2.37 
2.37 
2.33 
2.35 
2.37 


Sec. 


-ft. 
51.2 
5a  S 
5a8 
51.2 

m.^ 

50.4 
48.9 
48.9 
50.4 
53.1 
0 

48.5 
51.2 
50.1 
47.4 
47.4 
47.4 
47.8 
47.8 
48.9 
48.5 
48.2 
48.5 
.50.4 
49.3 
50.1 
50.1 
48.5 
49.3 
50.1 


47.9 


Discharge  measurements  of  Miocene  ditch  at  flume,  1906-7. 


Date. 


1906. 

JiUy4 

July  27 

.\UgU8t2 

September  11 

September  25 

September  26 


Date, 


1907. 

July  2 

July3 

,  JiUy  19 

July  23 

August  10 

I  August  29 

September  28 


Gage 
height. 

Dis- 
charge. 

Fret. 

S€C.-/f. 

1.58 

36 

1.51 

32 

1.99 

50 

2.09 

S,-) 

1.63 

33 

2.a'i 

51 

2.02 

50 
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Daily  gage  hfight  and  discharge  of  Miocene  ditch  at  fiume,  1906-7. 


1906w 


1907. 


July. 

pirt. 

September. 

July. 

*i    1 

August. 

September. 

Dny. 

1    «^ 

_^ 

«s 

t 

^ 

1 

^   '1 

i  'f 

17             & 

i 

1 

i 

ji 
1 

1 

1 

.a 

1 

u 

1 

1 

« 

5 

o 

Q 

O 

Sec.-/t. 

o 

o 

O 

Q 

o 

- 

Feet. 

Sec.-ft. 

FeH. 

5ec.-/l. 

Feet. 

Feet, 

Sec.-ft. 

Feet, 

Sec.-ft 

Fret. 

Sfc.-*f 

1 

0.96 
.96 

31.6 
30.8 

0.82 
.81 

27.2     1.71 
27      i  1.71 

51.5     1.56 

33.5 
33.5 

2.05 
2.00 

52.0 
60.0 

2.02 
2.00 

W" 

2 

51.5 

1.56 

v  • 

3 

.92 
1.00 

29.9 
32.1 

.84 
.80 

27.8  1  1.70 
20.1  ;  1.70 

51.2 
51.2 

1.56 
1.74 

33.5 
39.6 

1.92 
1.86 

46.8 
44.4 

2.00 
2.00 

VI' 

4 

.V'( 

f, 

1.08 
1.09 

34.3 
34.5 

.90 
.91 

20.4  1  1.70 
20.7  '  1.69 

51.2 

1.75 

40.0 

1.82 

42.8 
41.2 

2.00 
2.00 

.Vi 

(i 

60. 9  ;  1. 75 

40. 0     1. 78 

:»'■ 

7 

1.12 

35.3 

.98 

30.2     1.66 

50.1     1.70 

38.0     1.70 

38.0 

1.99 

<?• 

8 

(•) 

0 

.96 

31. 6     1. 66 

5a6     1.77 

40.8 

1.68 

37.3 

1.96 

*: 

9 

(») 

0 

.90 

29.4     1.63 

49.2  '  1.80 

42.0 

1.69 

37.7 

2.04 

•1 ' 

10 

% 

0 

.88 

28.9     1.54 

46l7 

1.86 

44.4 

1.63 

35.6 

2.10 

:a.' 

11 

26.4 

1.01 

32.4     1.49 

45.3 

i.n 

41.0 

1.58 

34.0  i    («) 

1 

12 

1.10 

34.8 

1.13 

35. 6     1. 46 

44.5 

1.80 

42.0 

1.66 

33.5     1.96 

*. 

13 

1.26 

39.1 

1.23 

38.3 

1.45 

44.2 

1.85 

44.0 

1.54 

32.9  -  2.02 

.V.1.  > 

14 

1.29 

39.9 

1.02 

32.6 

1.41 

43.2 

1.85 

44.0 

1.68 

34.0  12.12 

.H" 

15       

1.28 
1.39 
1.35 
1.35 
1.28 
1.19 
1.16 
1.11 
1.19 
1.09 
1.26 
1.17 
1.07 
.98 
.95 
.91 

39.7 

42.6 

41.6 

41.6 

39.7 

37.2 

36.4 

35.1 

37.2 

34.5 

39.1 

36.7 

34 

31.6 

30.8 

29.7 

.94 
.92 

.91 
.87 
.86 
1.10 
1.29 
1.28 
1.32 
1.40 
1.44 
1.55 
1.34 
1.46 
1.51 
1.56 

30.5 
29.9 
20.7 

1.40 
1.34 
1.31 

42.9 
41.3 
4a5 

44.8 
45.1 
46.2 

1.92 
1.80 
1.95 
1.95 
1.95 
1.05 

46.8 
42.0 
48.0 
48.0 
48.0 
48.0 

1.50 
1.71 
1.96 
1.05 
1.92 
1.94 

31.8 
38.4 
48.4 

48.0 

2.10 
2.10 
2.10 

ill 

H.< 

16 

o4' 

17            .... 

M'" 

IR 

28.6  1.47 
28.3     1.48 

34.8  1.52 

39.9  1  1.58 

39.7  1  1.65 
40.7     1.61 
42.9     1.60 
44        1.71 
47         1.63 
41.3  ,  1.76 
44.5  1  1.76 
45.9     1.79 
47.3     1.80 

H4 

19 

46.8  '  2.12 
47.6     2.10 
48.0     2.13 
47.2     2.08 
46.8     2.04 
46.8     2.09 
48.0     2.09 
SaO     2.08 
51.6  12.08 
5a4     2.03 
51.6     2-03 
52.4     2.04 

^» 

20  

:4' 

.V  2 

21 

47.8  '2.00 

49.8  2.00 
48.7  .  2.02 
48w4  '  1.99 

51.5  i  2.01 
49.2     2.05 

63.6  2.06 

52.9  2.06 

53.7  2.04 
54        2.00 

50.0  !  1.95 
60.0     1.98 
50.8     1.02 
49.6     1.92 
50.4     1.95 
68.0  ,  2.00 
53.2     2.04 
52.4     2.01 
.11.6     2.04 
60.0     2.06 

22 

23 

24 

2.5 

26 

27 

5^2 

28 

812 

29           

51.2 

30 

.il-* 

31 

.88 


28.9 
*31.8 

1.50 

45.6 

2.03 

51.2     2.03 

51.2    

~48.4" 

Mean 

35.2 

45.1    

44.0 ....;? 

1 

50.4 

a  Ditch  broken  by  heavy  rains. 
Note.  —About  28  weond-fept  turned  in  June  28, 1907. 


^For  28  days.  35.2  seoond-feet. 


JH^charge  TneatiiremenU  of  Miocmc  ditch  below  the  Ex,  J 907. 


Pate. 


Glacier 
branch. 


Dexter  j 
branch. 


Toul 


I  Sec.-ft.    • 

.lunp  26 8. 8  , 

JulvJi 27.6  I 

.Inlv  19 1         31.5 

8opteml)er  4 34.3 


Sec-ft, 
0. 

16.0 
14.0 
13.0 


43" 
4i' 
47.3 


JETT  CREEK   DITCH. 


The  Jett  Creek  ditch  was  constructed  during  1906  to  divert  water 
from  Jett  and  Copper  creeks  over  the  Nugget  divide.  In  1906  the 
water  was  turned  in  from  Copper  Creek  July  20  and  from  Jett  Creek 
August  18,  and  was  turned  out  September  25.  The  ditch  carries 
the  total  flow  of  these  creeks  above  the  intake  up  to  a  maximum  of 
about  10  second-feet.  In  1907  a  gage  was  established  below  Copper 
Creek  and  read  by  A.  D.  Jett. 
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Discharge  nuasuremenU  on  Jett  Creek  ditch  at  outlet y  1906-7. 


Date. 

If 

Dis- 
charge. 

Date. 



hSSS 

9 

t. 

Dis- 
charge. 

1906. 
Julv21 

Feet. 

8ec.-ft. 

^    ^1 

4.6 
7.3 
9.2 
7.2 

Septembc 

1906. 

Feet 

Sec-ft. 
3.9 

August  1 
Augusta 
August  3 
SeptemN 
Septemhc 
Septembf 

[ 

i 

1 

1     \.% 
1     ':?J 

» 

1 

1907. 

July  31 

Do 

Do 

Do 

I 

8.1 

•r2. 

5.3 

»r  7 . . . 

1 

3.6 

!rlO.. 

0.0 

1 

1 

t  Creek  ditch,  19(y 

Daily  gcu 

je  height  and  discharge  of  Jet 

July. 

Auj 

i 

o 

Feet. 
1.59 
1.50 
1.45 
1.40 
1.35 
1.33 
1.33 
1.33 
1.25 
1.25 
1.25 
1.25 
1.30 
1.30 
1.30 
1.55 
1.50 

nist. 

September. 

July. 

August.     I  September. 

Day. 

1 

i 

o 
Feet. 

Q 

Sec.-ft. 



Sec.-ft. 
8.1 
&9 
6.2 
5.6 
5.0 
4.8 
4.8 
4.8 
3.9 
3.9 
3.9 
3.9 
4.4 
4.4 
4.4 
7.6 
6.9 

1 

O 

Feet. 
1.50 

Sec.-ft. 

Day. 

i 

Feet. 

1.18 

1 
« 

Sec.-ft. 
3.2 
3.3 
4.4 
5.9 
3.6 
4.6 
5.4 
5.6 
6.2 
6.2 
5.9 
%.2 
6.9 
8.1 

1 

O 

Feet. 
i.eo 

1.60 
1.55 
1.50 
1.45 
1.45 
1.50 
1.50 
1.45 
1.50 
1.55 
1.55 
1.50 
1.50 

1 

Sec.-ft. 
8.2 

1 
Feet.  [Sec.-ft. 

2 

1.60  1        6.9  '1  19 1  i  19 

8w2 
7.6 
6.9 
a  2 
6.2 

a9 

6.9 
a  2 
a9 

7.6 
7.6 
a  9 
a9 

6.1 

3 

1 

1.50          6.9      20 

1.45          6.2   1  21 

1.45           a  2      22 -- 

1.30 
1.42 
1.22 
1.32 
1.38 
1.40 
1.45 

4 

1    . 

1 

5 

::::: ::::::: 

fi     . 

1 

1.45           6.2 
1.  45          6. 2 
1.50          6.9 
1.60          8.2 

23 

24 

25 

26 

..1 

H 



......  ....... 

c> 1 

10                  1 

0 

27 '  1.4.^ 



ii 1 1 

0   ,28 1  1.42 

8.2   1  29. ..     .  1  1.45 

12               '  1.  15 

3.0 
5.0 
4.6 
3.0 
3.4 
3.0 

1.60 



n  ..      !  1.35 

1.60 
1.(50 

8.2   1  Xi t  l.fiO 

14 1.32 

\rt.    .        .1.15 

8.2 

31 1.50 



..:            6.1 

16               1   1.20 

Mean..' 4.9  | 

17       '          1-  \^ 

1 

1 

1 

; 

GRAND  CENTRAL  DITCH. 


The  completed  portion  of  the  Grand  Central  ditch  diverted  water 
from  Nugget  Creek  at  an  elevation  of  785  feet  from  June  27  to  Sep- 
tember 29,  1906,  and  from  July  9  to  October  2,  1907.  In  1907  a 
gage  was  installed  just  below  Nugget  Creek  and  read  by  A.  D.  Jett. 
The  entire  flow  of  the  creek  was  diverted  except  on  September  11 
and  12  and  possibly  a  few  other  days  of  high  water.  For  measure- 
ments during  1906  see  page  50. 

Discharge  measurements  of  Grand  Central  ditch,  1907. 


Date. 

Gage 
height. 

Die-     l| 
chaige.  II 

Sec.-ft. 

5.4      JulvO.... 

Date. 

1   height. 

;      Feel. 
1.18 

Dis- 
charge. 

July  9 

Feet. 
1.39 
1.28 

Sec.-ft. 
1.27 

Do 

3.7           ho.... 

1     '*' 

0.6 
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Daily  gage  height  and  discharge  of  Grand  Central  ditch,  19C7. 


Day. 


12. 
13. 
14. 
15. 
16. 
17. 


July. 


X       1        08 

I  I    I 

Feet  \sec.-/t. 


Augast.        September. 


1.45 
1.34 
1.34 
1.38 
1.38 
1.45 
1.35 
1.35 
1.31 


6.8 
4.4 
44 
5.2 
5.2 
6.8 
4.6 
4.6 
3.8 


Feet. 
1.34 
1.34 
1.32 
1.32 
1.32 


1.30 
1.30 
1.28 
1.28 
1.25 
1.25 
1.28 
1.27 
1.30 
1.30 
1.50 
1.60 


Sec.-ft 
4.4 

4.4 

4.0 
4.0 
4.0 
3.6 
3.6 
3.3 
3.3 
2.8 
2.8 
3.3 
3.1 
3.6 
3.6 
8,0 
8.0 


July. 


^ 

A 


» 

1        i 

5 

Q 

feel. 

Sec.'ft.  1 

1.50 

8.0  , 

1.50 

ao  1 

1.45 

6.8  1 

1.45 

6.8  1 

1.45 

6.8  1 

1.45 

6.8  1 

1.45 

6.8  1 

1.50 

&0  1 

1.60 

10.6  1 

1.70 

13.4  1 

0      ' 

0 

1.70 

13.4 

1.70 

13.4 

1.70 

13.4 

1.70 

13.4 

1.70 

,3..j 

Dav. 


S 


;  I  I 

,  o    i  p 

1  Feet.  \Sr.c,-ft. 

18 1  1.40  1  5.6 

19 1.46  7.0 

20 1.48  7.5 

21 ;  1.66  '  12.0 

22 1.47  I  7.3 

23 1  1.48  1  7.5 

24 1  1.46  I  7.0 

25 1  1.40  5.6 

26 1  1.38  6.2 

27 1  1.36  4.8 

28 1  1.33  '  4.2 

29 1  1.32  1  4.0 

30 1  1.32  I  4.0 

31 1  1.34  I  4.4 

Mean..! i  5.7 


Augast. 


k 

S 


-I- 

Feet!  Sec.'ft 


1.55 

1.55 

1.60 

1.60 

1.55 

1.50 

1.55 

1.50 

1.50 

1.50 

1.50  I 

1.55 

1.50  1 

1.50  I 


9.3 

9.3 
10.6 
10.6 
9.3 
8.0 
9.3 
&0 
&0 
&0 
8.0 
9.3 
R.O 
SO 


Septec'r:. 


6.2 


Fret.  Str-'- 


1.70 
1.60 
1.60 
1.60 
1.55 
1.55 
1.55 
1.50 
1.50 


DAVID   CREEK   DITCH. 


David  Creek  enters  Nome  River  from  the  east  a  short  distance 
below  the  intake  of  the  Miocene  ditch.  It  has  a  well-sustained  flow 
which  is  diverted  at  an  elevation  of  about  590  feet  by  a  ditch  that 
discharges  into  Nome  River  just  above  the  Miocene  intake.  In  1906 
the  water  was  running  in  this  ditch  before  gagings  were  made  on  Nome 
River.  Except  during  extreme  high  water,  it  carried  the  entire 
flow  of  David  Creek  up  to  its  capacity  of  about  14  second-feet. 
When  the  ditch  was  cleaned  out  in  1907  it  was  enlarged  from  4  feet 
to  5  feet  on  the  bottom,  increasing  its  capacity  to  nearly  20  second- 
feet.  The  gage  was  read  by  employees  of  the  Miocene  Ditch  Com- 
pany during  August,  1906,  and  July  to  September,  1907. 


Discharge  measurements  of  David  Creek  ditch,  1906-7. 


1906.  ,      Feet. 

July  3 

July  29 

A  ugus  1 3 

August  23 i         0. 51 

August  29 '  .41 

Do '  .49 

Do ;  .63 

Do .78 


Dis- 
cbai^gc. 


Sec.-ft, 
'3.5  I 
6.4  I 
4.4  I 

7.9  I 
5.4 
7.6! 
10.1 
13.7  , 
I 


Date. 

Oaee 
height. 

Di»- 
chfti^- 

1906. 
August  29 

Feet. 
0.81 
.68 

8ec.-4i 
13.7 

Do 

11.  * 

1907. 

July  17.... 

July  25.... 

Do.... 

August  4. 


.50 
.79 
.83 
.09 


k9 
13-0 

13.  r 

1L5 
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8.. 
9.. 
10.. 
11.. 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
I.K.. 
19.. 
ZD.. 


22.. 
53.. 
24.. 

26.. 


2S.. 
29.. 
30.. 
31.. 


Daily  gage  height  and  discharge  of  David  Creek  ditch,  1906-7. 
(DmlnAge  area  at  point  of  diversion,  4.3  square  miles.] 


Day. 


190ft. 

Augast. 

July. 

Oace 
height. 

Dis- 
charge. 

heigPt. 

Dis- 
charge. 

Feet. 


a35 
.35 
.55 
.42 
.38 
.37 
.37 


Sec,-fl.    I     Feet.     \  Sec.-ft. 


I 


4.4 
4.4 
4.4 

&8  I 

4.8  ' 

4.8 

5.0 

5.4  ! 

5.0 

4.4 

4.3 

4.1  ; 

&2  I 

17 

3.3 

5.4  , 

5.0 

7.5 

7.9 

7.1 

8.3 
13.2 

4.3 

5.4 

5.6 
13.4 


! 

1 

0.50 

8.9 

.52 

9.1 

.50 

8.9 

.60 

ia2 

.60 

10.2 

.60 

ia2 

.80 

13.2 

.80 

13.2 

.80 

13.2 

.80 

13.2 

.70 

11.6 

.65 

10.9 

.75 

12.4 

.75 

12.4 

.75 

12.4, 

1907. 
August. 


SepteniLier. 


Qage 
heignt. 

Feet.     I 
0.75  ! 
.70  ' 
.80 
.09 
.67 
.62  i 
.GO 
.56  ' 
.56  ' 
.52  ' 
.52 
.52 
.52 
.50 
.50 
.80 
.82 
.80 
.90 
.90 
.95 
.95 
.72 
.70 
.72 
.72 
.75 
.75 
.76 
.76 
.76 


1)1  s- 
chaige. 

Sec.-ft. 
12.4 
11.6 
13.2 
11.5 
11.2 
10.5 
10.2 
9.6 
9.6 
9.1 
9.1 
9.1 
9.1 
8.9  I 
8.9  ' 
13.2 
13.5 
13.2  I 
14.9  ■ 
14.0  ' 
15  8 
15.8 
11.9  I 
11. G  I 
11.9 
11. n 
12.4 
12.4  , 
12.4 
12.4 
12.4  ' 


Oage 
height.   , 

Feet.     I 
0.70 
.65 
.80  ' 
.80  , 
.72 
.70  I 


.60 
.50 
.55 


.90 
.99 
.86 
.86 
.73 


.58 
.57  i 
.hi  ' 
.50  I 
.50  ' 
.45 


Dis- 
chaige. 

Sec.'ft. 
11.6 
10.9 
13.2 
1.3.2 
11.9 
11.6 
11.3 
10.2 
10.2 
8.9 
9.5 
0 
0 
0 
0 
0 
0 
14.9 
16.5 
14.0 
14.0 
12.1 
11.3 
10.6 
9.9 
9.8 
9.4 
8.9 
8.9 
8.3 


&1 


11.3  I 


I 


11.8 


9.0 


Note.— These  dischaivM  are  believed  to  represent  the  total  flow  of  the  creek  from  August  3  to  20, 
1906,  and  from  about  July  23  to  September  8,  and  September  19  to  30. 1907. 

SEEPAGE   MEASUREMENTS   ON   MIOCENE    DITCH. 

Measurements  were  made  at  different  times  at  several  points  along 
the  main  ditch  and  also  on  the  Jett  Creek  branch  to  determine  the 
loss  by  seepage  from  the  different  sections  of  the  ditch.  The  dis- 
charge of  the  branches  and  principal  feeders  was  found  by  measuring 
the  flow  in  the  ditch  above  and  below  them.  The  figures  obtained 
for  the  section  between  points  of  measurement  were  therefore  the 
resultant  of  the  gain  from  creeks  too  small  to  measure  and  the  loss 
by  seepage  and  leakage.  The  measurements  of  July  3  to  4  and 
July  27  were  made  at  periods  of  extreme  low  water,  and  show  a  much 
larger  loss  than  those  of  September  11  to  12,  when  there  was  much 
more  wat^r  entering.  On  the  latter  date  the  ditch  was  gaining 
along  much  of  its  course.  These  measurements  are  of  value  to  ditch 
builders  in  showing  the  losses  which  may  be  expected  in  ditches  in 
frozen  countries. 

35283— IRR  218—08 3 


Digitized  by 


Google 


84 


WATER  SUPPLY   IN    ALASKA,   1906-1907, 


Seepage  meoBuremenls  of  Miocene  ditchy  1906. 
MAIN  DITCH  FROM  NOME  RIVER  TO  GL.\CIER  CREEK. 


Date. 


Point  of  measurement. 


July  3 Nome  River  intake . 

Do,  '- ' 

July  4. . 

Do. 

Do. 

Do 

Do 

Do 
July  27 


Above  lIobsoD.. 

...do 

Below  llobson 

Above  flume 

Below  flume 

Above  Ex 

Above  tunnel 

Nome  River  intake. 

Do I  Black  Point 

Do Above  Dorothy 

Do Below  Dorothy 

Do I  Above  llobson 


Do. 
Do. 


Below  llobson 

Grouse  Creek  branch. 


Total  above  flume. 


Do Below  flume . 

August  2 do 


Do (ilacior  branch . 

Do I  Dexter  branch. 


Total. 


Soptoml)cr  11. 

Do 

Do 

Do 


Do. 
Do. 


Do 

September  12. 


Nome  River  at  intake. 

Black  Point 

Above  Dorothy 

Above  llobson 


Below  llobaon 

Grouse  Crock  branch. 


Tot&l  above  flume. 


Below  flume. 
....do 


Do. 
Do. 


(Jlacier  Fork  at  Ex. 
Dexter  Fork  at  Ex. 


Total  at  Ex. 


September  13 . .    Glacic-r  Fork  at  Ex 

Do Above  tunnel 

J  uly  29 1  I  ntake,  David  Creek  branch . 

Do Outlet,  David  Creek  branch. 


Dis- 
charge. 


Gain. 


!><»*>. 


Sec.-ft. 
21 

Scc.-tt.      Srf.- 

-f. 

15.8 

20.5 

31.0 
28.1 
29.8 
27.9 

10.5  ..  .- 
i.7  ..  .- 

1 ' 

28,8 

28 

25.7 

.9  

26.2 
26.0 

.5   

■  -, 

23.7 

-> .» 

38.0 
1.7 

14.3  

39.7 

36.5 

1 : 

28.3 

13.0 

13.3 

26.3 

. 

29.8 

30.7 
30.3 

.9    

"   .4 

30 

44.4 
2.4 

14.4;..-. 

1 

46.8 

! 

1         43.9 

•■'  1. 

o43 

1 

'       ;«.3 

15.3 

2,6 

45.6 

a29.6 

29.4 

.i 

6.9 

6.4 

,3 

JETT  CREEK  BRANCH. 


Septcmlxir  10.. I  Copper  Creek  ditch,  intake. 


Do Copper  Creek  ditch,  outlet  into  Jett  Creek  ditch. 

Do I  Jett  Creek  ditch,  intake 


Do. 
Do. 


I 


Total 

Jett  Creek  ditch,  Ijelow  junction  with  Copper  Creek 

ditch 

Outlet  over  Nugget  divide 


1.8    

0.7 

4.2    

6.0    

5.7    

5.3    

.4 

a  Estimated. 
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MISCELLANEOUS   MEASUREMENTS. 


The  following  measurements  were  made  at  the  points  stated  during 
the  two  years: 

Miscellaneous  measurements  of  Miocene  ditch,  1906-7. 


Date. 


Point  of  measurement. 


Discharge. 


1906. 

August  23 

September  25. 

1907. 

July  2 

.luly  20. 

July  31 

Aug^ust  20 

September  28. 


Above  Dorothy  Creek  siphon . 
do 


Grouse  Creek  branch 

Above  Snow  Qulch 

Copper  Creek  branch 

Above  Dorothy  Creek  siphon . 
Grouse  Creek  branch 


Sec.-ft. 
30.5 
41.4 


11.7 
31.9 

3.5 
40.9 

5.8 


CAMPION   DITCH   AT   BLACK   POINT. 

The  Campion  ditch  diverts  water  from  Buffalo  Creek  at  an  eleva- 
tion of  610  feet.  Its  lower  end  terminates  in  Dorothy  Creek,  into 
which  it  discharges.  The  ditch  has  a  width  of  6  feet  on  the  bottom 
and  9  feet  on  top,  is  2  feet  deep,  and  has  a  mean  velocity  of  2  feet 
per  second  when  running  full.  The  water  was  turned  in  at  1  p.  m., 
July  6,  1906.  The  ditch  broke  near  its  outlet  at  7  a.  m.,  July  8. 
It  was  repaired  and  water  turned  in  again  on  the  19th.  All  water 
was  turned  out  from  9.30  p.  m.  August  12  to  2.30  p.  m.  August  13. 

It  ran  continuously  from  July  7  to  September  29,  1907,  except 
September  23,  when  the  water  was  turned  out  on  account  of  slush  ice. 

Measurements  were  taken  on  the  ditch  in  order  to  determine  the 
natural  flow  of  Nome  River  below  the  junction  of  Buffalo  and  Deep 
Canyon  creeks. 

Discharge  measurements  of  Campion  ditch  at  Black  Point,  1906-7. 


Date. 


1906. 

July7 

July  20 

July  21 

August  2 

August  11 

August  18 

August  23 

August  31 


Gaee 
height. 

Dis- 
charge. 

Feei. 

Sec.-ft. 

0.80 

11.9 

.60 

8.9 

.70 

10.2 

.67 

9.7 

1.36 

27.6 

.76 

12.0 

1.10 

19.6 

1.00 

16.8 

Date. 


July  10... 
July  12... 
July  17... 
August  4. 


1907. 


I     Gage     I      Dis- 
I  heijmt.     charge. 


Sec.-ft. 
9.9 
2.7 
8.2 
la  9 
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WATER  SUPPLY  IN   ALASKA,  1906-1907. 


Daily  gage  height  and  discharge  of  Campion  ditch,  1906-7. 
[Drainage  area  at  point  of  diversion,  8.2  square  miles.] 


1906. 

J 

19 

07. 

gust.      '    Septec 

J 

i 

1 

uly.        i       August. 

tit  1 

1           1          .1 

Q          O          Q 

September. 

if 

uly. 

Au 

nl«er. 

Day. 

1 

1 

1 

1 
1 

1  } 
1    i 

1           

Feet. 

Sec.-ft. 

Feet. 
0.60 
.68 
.65 
.62 
.56 
.61 
.69 
.70 
.73 
.77 
1.13 
1.05 
1.09 
1.02 
.92 
.80 
.80 
.78 
.75 
.80 
.76 
1.01 
1.16 
.99 
.93 
1.15 
1.16 
1.14 
1.09 
1.00 
.99 

Sec.-ft. 
10.1 
10.0 
9.5 
9.0 
8.2 
8.9 
10.1 
10.3 
10.9 
11.7 
20.4 
18.2 
19.2 
17.5 
l&O 
12.3 
12.3 
11.9 
11.3 
12.3 

Feet. 

0.98 

.90 

1.02 

1.04 

1.00 

1.02 

.96 

.96 

1.00 

1.06 

1.07 

1.02 

1.06 

1.02 

.98 

.93 

.92 

.90 

1.10 

OR 

Sec.-ft. 
16.5 
14.5 
17.5 
18.0 
17.0 
17.5 
16.0 
16.0 
17.0 
19.0 
18.8 
17.5 
18.5 
17.5 
16.5 
15.2 
15.0 
14.5 
19.5 
16.5 
7.5 
8.7 
11.3 
10.7 
14.8 
16.0 
17.5 
1&5 
15.8 
15.5 

Feet. 

Sec.-ft. 

Feet. 
1.00 
1.00 
1.00 

Sec.-ft.    Feet,\S 
ll8  1  1.10 
12.8  1  1.12 
12.8;  1.12  1 

12.5  1.10  1 

11.6  1.06 
10.3  1   1.11  1 
10. 8      1.  08  1 

11.8  1    1.06  \ 
12.  3     1. 16 
la  3  1     .  S2 
10. 3  '     .  65  , 
11. 3       .93 
11.3  1  1.00  1 
12.3  I     .91  1 
lai       .97  ! 
15.1  1     .92  , 
12.6'     .97  1 
1&  4  i  1.  01  1 
13.1  1  1.06  1 

12. 3  1  1. 18  1 

lae  1  .98 

13.9  i    .99 

13.4  1 

13.4       .98 
12.8  1    .99 

16.4  1  1.06 

15.1  ,  1.04 

14.5  '  1.03 

14.2  1     .98 

16.3  ' 

16. 1  , 

ec.-i' 

2 

I^'-  - 

3             

\f.^ 

4 

.99 
.95 
.90 
.92 

u: 

5                 .  .   . 

14  5 

6 

1'-' 

7 

0.88 

14.1 

0.71 
.58 
.80 
.81 
.66 
.52 
.77 
.69 
.66 
.73 
.70 
.95 
.84 
.90 
.94 
.88 
.93 
.89 
.88 
.89 
.83 
.86 
.91 
1.05 
1.07 

6l8 

:5i 

8 

5.1  1    .96 
8.3  1    .98 

U5 

9 

IT.  4 

10 

S.5 
6.0 
4.4 
7.8 
6.5 
6.0 
7.1 
6u7 

11.5 
9.1 

10.3 

11.3 
9.9 

11.0 

lai 

9.9 
10.1 
&9 
9.5 

las 

14.2 
14.8 

.90 
.90 
.94 
.94 
.98 
.89 
1.08 
.99 
1.09 
1.01 
.98 
1.03 
1.04 
1.02 
1.02 
1.00 
1.09 
1.06 
1.06 
1.05 
1.12 
1.08 

«,: 

11 

12 

11.0 

13 

12- > 

14 

10  5 

15 

12  0 

16 

10.  !^ 

17 

12.0 

18 

1.11 

19 

145 

20 

KO 

21 

11. 5  '    -  «i 

12.1 

22 

17.2 
21.3 
16.8 
15.2 
21.0 
21.3 
20.7 
19.2 
17.0 
16.8 

.60 
.75 
.72 
.91 
.96 
1.02 
.98 
.95 
.94 

12-5 

23 

t? 

24 

12-2 

25 

.92 
.78 
.75 
.82 
.78 
.76 
.72 

15.0 
11.9 
11.3 
12.7 
11.9 
11.5 
10.7 

12.5 

26 

\^h 

27 

US 

28 

1.16 

29 

12.2 

30 

0 

S::::       : 

Mean.... 

12.4 

14.4 1.-.;.- 

15.8 

9.0 

12.9  1 

12.5 

SEWARD   DITCH. 

The  Seward  ditch  was  built  in  1905-6  to  take  water  from  Nome 
River  just  below  Dorothy  Creek,  at  an  elevation  of  407  feet,  and  con- 
vey it  to  Saturday  Creek  for  use  along  the  ancient  beach  line.  Its 
total  length  is  38  miles.  The  water  is  conducted  across  Hobson  and 
Clara  creeks  by  42-inch  continuous  stave-pipe  siphons  having  lengths 
of  1,050  and  800  feet.  A  part  of  the  flow  of  Hobson  Creek  is  diverted 
by  a  branch  ditch.**  In  1907  a  gage  was  established  near  the  intake 
and  read  by  the  ditch  walker. 

Measurements  to  determine  the  flow  and  also  the  seepage  of  this 
ditch  were  made  as  follows: 

Seepage  measurenients  of  Seward  ditch^  1906. 


Loss. 


July  29 Intake 

Do Above  Clara  Creek . 


Do ,  Hobson  branch. 


Do I  Above  Trout  Creek. 


Sec.-ft. 
19.7 

Sec.-ft. 

Sec.-ft. 

20.6 

0.9 

4.0 



24.6 
22.0 

2.6 

o  For  measurements  of  the  Hobson  Creek  branch,  see  page  24. 
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Other  measurements  were  made  at  the  intake  as  follows: 
Discharge  measurements  of  Seward  ditch  at  intake^  1906-7. 


Date. 


Ga 
heig 


Dl8- 

it.      charge.    I 


Date. 


Gage 
height. 


Din- 
charge. 


1906.                              Feet.  Scc-ft.    I 

Au^iistlS 25     Julyll 

Au^nistao ' I  26   I  JulylS 

September  13 <»32  ,   July  24 

a  Computed  from  gage  reading. 

Daily  gage  height  and  discharge  of  Seward  ditch  at  intake,  1907. 


1907. 

Feet.     1 
0.55' 
.72 
.82 

Ser.-ft. 
19.1 

23.2 



•25.7 



August.       September. 


S 


§ 


i 


Day. 


Feel.  Sec. -ft.  Feet.  Sec.-ft. 
0.85  1    27.2     0.90  ,      29.0  |  18. 


.85 
.85  i 
.80  I 

.72 

.71  ' 


27-2  1 
27.2  I 
25.4 
23.6 
23.0 
22.8  : 


.89  I 


.88] 

.88 


28.6      19. 
28.  6  !  20. 


H 

.72, 

23.0 

.88 

9 

.74  1 
.72  1 
.72  ' 

23.6 
23.0  1 
23.0    . 

.85  1     : 

10 

.81  f      J 

11 

...  o.eo 

20.1 

1 

12.... 

...      .62 

20.5 

.71  1 

22.8 

.82  :     J 

13 

...1     .65 

21.3 

.78  1 

24.8  1 

.85         J 

14 

...      .65 

21.3 

.77  , 

24.5  ' 

.84 

1 

15 

...1     .70 

22.5 

.71  1 

22.8 

.84 

16 

...'    .70 

22.5 

.88  1 

28.3 

.84 

17 

...1     .70 

22.5 

.88  1 
1 

28.3 

.85 

28.6 
28.3 
28.3 
28.6 
28.3 
27.2 


21. 
22. 
23. 
24. 
25. 
26. 


25.8  27 

0  I  28. 

26.2  I  29. 

27. 2  30. 


26.9 
26.9 
26.9 
27.2 


31. 


Mean. 


July. 

August. 

Septeml)er. 

-    1 

_^ 

^ 

.d 

1 1  i 

^ 

& 

■5 

gi 

.d 

«8 

i|  1 

1 

t 

1 

•| 

O     1     Q 

o   1   a 

O 

S 

Feet.  Sec- 

0.70  I  22. 

.  75  I  23. 

.75  ,  23. 

.75  1  23. 

.75  23. 

.75  ;  23. 

.75  ,  23. 

.80  25. 

.82  I  26. 

.82  26. 

.88  ,  28. 

.82  1  26. 

.85  ,  27. 

85  '  27. 


Feet. 

0.85 
.84 
.84 
.90 
.84 
.87 
.87 
.90 
.90 
.85 
.85 
.87 


Sec.-ft 
27.2 
26.9 
26.9 
29.0 
2a  9. 
27.9 
27.9 
29.0 
29.0 
27.2 
27.2 
27.9 
28.6 
28.6 


Feet. 

0.85 
.82 
.82 
.78 
.78 
.80 
.80 
.80 
.80 
.80 
.75 
.74 
.75 


23.9 


26.2  , 


Sec.-ft. 
27.2 
26.2 
26.2 
24.8 
24.8 
25.4 
25.4 
25.4 
25.4 
25.4 
23.8 
23.6 
23.8 


2.5.7 


PIONEER   DITCH. 

The  Pioneer  ditch,  begun  in  1905  and  completed  in  1907,  has  its 
intake  on  Nome  River  just  below  the  mouth  of  Christian  Creek,  abqut 
3  miles  below  the  Seward  intake  and  at  an  elevation  of  about  330  feet. 
It  has  a  total  length  of  38  miles  and  extends  to  Anvil  Creek.  There 
are  three  siphons,  composed  of  two  lines  of  30-inch  riveted  steel 
pipes — one  545  feet  long  across  Hobson  Creek,  one  1,050  feet  long 
across  Banner  Creek,  and  one  755  feet  long  across  Dexter  Creek. 
Several  narrow  gulches  and  gullies  eroded  by  waste  water  from  the 
other  ditches  are  crossed  by  flumes. 

Daily  gage  heights  and  discharges  of  the  Pioneer  diixh  at  the 
intake  and  of  Nome  River  are  given  on  page  22. 
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GRAND  CENTRAL  RIVER  DRAINAGE  BASIN. 
GENERAL   DESCRIPTION. 

On  account  of  its  elevation  and  well-sustained  flow,  Grand  Central 
River  offers  one  of  the  most  valuable  unused  water  supplies  of  Sewani 
Peninsula.  The  drainage  area  of  this  stream,  which  is  about  12  mile^ 
long  and  2  miles  wide,  is  almost  surrounded  by  ridges  of  the  Sa\i-tootli 
Range  (Kigluaik  Mountains),  having  elevations  of  1,500  to  4,(M^i 
feet.     (See  PL  VI,  A  and  B.) 

The  river  is  formed  near  the  foot  of  Mount  Osbom,  at  an  elevation 
of  about  700  feet,  by  the  junction  of  North  and  West  forks,  and  flows 
in  a  southerly  direction  into  Salmon  Lake.  From  the  forks  to  Salmon 
Lake  the  river  has  a  fall  of  about  300  feet,  and  at  high  stages  spreads 
over  a  wide  gravelly  bed.  On  either  side  there  is  a  little  bottom 
land,  from  which  the  mountains  rise  abruptly. 

The  principal  tributaries  of  Grand  Central  River  below  the  forks 
are  Gold  Rim  and  Rainbow  Creek  from  the  east,  and  Thompson,  I 
Thumit,  Nugget,  Jett,  and  Morning  Call  creeks  from  the  west.  These 
tributary  streams,  with  the  exception  of  Nugget  Creek,  drain  short, 
steep-sided  gulches.  They  have  considerable  fall  and  are  fe<l  from 
melting  snow. 

In  order  to  make  the  water  from  this  drainage  basin  available  for 
use  at  Nome  it  has  to  be  diverted  over  the  Nugget  divide,  which  has 
an  elevation  of  785  feet.     One  such  diversion  has  been  made  from  I 
Jett  Creek  and  Copper  Creek,  from  which  water  is  taken  by  the  Jett 
Creek  ditch  into  the  Miocene  ditch. 

The  Miocene  Ditch  Company  is  building  a  ditch  which  will  tap 
West  Fork  above  the  mouth  of  the  Crater  Lake  outlet  and  North 
Fork  at  an  elevation  of  about  850  feet.  This  ditch  will  extend  down 
the  west  side  of  the  valley,  crossing  and  tapping  Thompson  and  Thu- 
mit creeks,  and  will  pass  over  the  Nugget  divide,  where  it  will  he 
taken  up  by  the  main  Miocene  ditch  and  carried  to  Glacier  and  Anvil 
creeks. 

The  Wild  Goose  Mining  and  Trading  Company  has  started  from 
Crater  Lake  a  42-inch  continuous  wood-pipe  line,  which  will  extend 
along  the  south  side  of  the  valley  over  the  Nugget  divide  and  down 
Nome  Valley  to  Anvil  Mountain.  The  company  plans  to  dam  anJ 
use  Crater  Lake  as  a  storage  resorvoir,  into  which  the  waters  from 
North  and  West  forks  will  be  diverted  by  lateral  pipes.  Other  laterals 
will  carry  the  water  of  Gold  Rim  and  Thompson  Creek  into  the  main 
pipe  line.  Measurements  made  in  this  drainage  are  shown  on  the 
•following  pages. 

NORTH   FORK  OF   GRAND   CENTRAL  RIVER. 

North  Fork  of  Grand  Central  River  rises  in  a  cirque  at  the  base  of 
Mount  Osbom,  which  is  surrounded  by  almost  perpendicular  nioim- 
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ta,ixis  rising  from  1,000  to  3,000  feet  above  the  bed  of  the  stream. 
Tli-is  cirque  contains  a  small  glacier,  the  melting  of  which  maintains 
a,  ^v^ery  steady  flow.  The  flow  is  increased  by  a  large  spring  at  an 
elevation  of  about  860  feet. 

Discharge  measurements  on  this  stream  in  1906  were  made  at  ele- 
vations of  about  750  feet  and  1,030  feet,  points  which  give  the  flow  at 
tKe  ditch  and  pipe  intakes,  respectively.  The  bed  is  very  rough  and 
it  is  difficult  to  obtain  satisfactory  measuring  sections.  Gage  heights 
-were  read  at  the  time  of  the  measurements  by  measuring  down  from 
reference  points  on  rocks. 

In  1907  a  gaging  station  was  established  about  100  yards  above 
the  junction  of  the  forks  to  take  the  place  of  the  one  at  the  ditch 
intake.  The  increase  in  flow  between  the  stations  is  small.  The 
gage  was  read  by  Cornelius  Edmunds. 

Daily  gage  height  and  discharge  of  North  Fork  of  Grand  Central  River  near  ditch  intake, 

1906. 

[Elevation,  ISO  feet;  drainage  area,  5.4  square  mifiBe.] 


Ju 

Gace 
height. 

Feet. 

y. 

Dis- 
charge. 

Sec.-ft. 
23 
(23) 
(23) 
(25) 

August. 

Septen)l)er. 

Day. 

Gage 
height. 

Dia- 
charge. 

Gaee 
height. 

Dis- 
chaiige. 

1 

Feet. 

Sec.-ft. 

30 

30 

30 

32 

32 

29 
6  32 

.33 

31 

.33 

32 

27 

27 

28 

28 
127 
6  25 

27 

25 

27 
(32) 
(36) 
((>0) 
637 

40 
(40) 
(67) 

67 

71 

54 

48 

Feet. 

Sec.-ft. 
44 

2 

0.92 

6  44 

3 



38 

4 

38 

5j 

40 

G 

37 

7 

0.81 

33 

8 

31 

9 

1 

.76 

6  27 

10 1                    1 

28 

11 

1.10 

0  67 

27 

12 



(2()) 

13. 

26 

14 



1 

27 

15 

1 

2G 

ic 

.76 
.74 

25 

17 

25 

IS 

27 

19 . 

20 

40 

(45) 

a  38 

42 

ei 

a  47 
6  42 
45 
50 
38 
42 
28 

...;;.    . 

21 

22 

.85 

1.5 

6C120 

23 

24 

.« 

25 

.95 

.90 

26 

27 

2S 

29 

.'50 

31 '. 



Mean 

d39.9 
7.39 
4.67 

36.7 
6.  80 
7.84 

'31.6 

Run-off  per  square  mile 

Run-off  (iepth  In  inches 

5.85 

3,92 

a  Meaaurementa. 

ft  Estimates  baaed  on  gage  readings. 

c  Not  In 
d  17  day 

eluded  in 
a. 

mean. 

'  18  da> 

a. 

Note.— These  valuea  were  obtained  by  subtracting  the  sum  of  the  discharges  at  the  West  Fork  and 
Crawr  I^ke  atation  from  the  flow  l)elow  the  forks.  For  the  days  for  which  this  method  does  not  give 
consistent  results  the  discharges  are  based  on  the  West  Fork  flow  and  are  in  parentheses.  From  July 
5  to  19  the  flow  did  not  fall  Ijelow  40  second-feet.    The  flow  on  June  26  was  43  second-leet. 
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Discharge  measuremenls  of  North  Fork  of  Grand  Central  River  at  the  forks,  19(17. 

[Elevation  690  feet.] 


Date. 


Ga«e 
height. 


I  Feet. 

Julys I  1.31 

July  16 '  1.19 

July  25 1  1.23 

July  26 j  L20 

August  5 1.11 


Dl8- 

chaige. 


Sec.'ft. 
65 
41 
47 
45 
34 


Date. 


Dis- 


I  Feet. 

August  13 1  1.07 

August26 1   36 

Septembere '  1.18 

September  16 1.44 


I 


5rf -ff 


5 


Daily  gage  height  and  discharge  of  North  Fork  of  Grand  Central  Riier  at  the  forks,  li**c. 
[Drainage  area,  6.9  square  miles.] 


July.       1     August. 

September. 

Day. 

July.         1      August.     1  September. 

Day. 

i 

1 
1 

1 

i 
1 

c 

Feet. 
1.16 
1.20 
1.15 
1,15 
1.12 
1.10 
1.10 
1.10 
1.10 
1.08 
1.10 
1.10 
1.08 
1.11 

1 

1 

1 

s 

1 

1 

i 
1 

Discharge. 
Oago  height. 

i  1 
1  j 

F«<. 

Sec.-fL 

Sec.'ft. 
37 
42 
36 
36 
33 
31 
31 
31 
31 
29 
31 
31 
29 
32 
27 
68 
81 
70 

Feet. 
1.32 
1.22 
1.14 
1.22 
1.25 
1.16 
1.10 
1.07 
1.50 
2.15 
2.10 
1.68 
1.52 
1.50 
1.49 
1.44 
1.40 
1.37 

Sec.-ft. 
64 
45 
35 
45 
50 
37  ; 
31 
29  1 
102 
238 
194 
106 
72 
68 
66 
57 
49 
45 

19 

Feet. 

Sec.'ft.  Feet. 
60     1.28 
60     1.34 
80     1.44 
51     1.44 
50     1.41 

1 
Sec.'ft.'  Feet. 
56  '  1.S2 
6S  1   l.a) 
89  ,1.29 
89  1  1.  10 
83  t  1.  18 
64     . 

1          -^^ 

2              1         .        

2o:::::::;.:::: 

'          .->. 

3  :  :  :j:  :   ' 

21 1 

^v5 

4          1        '      .. 

22              '..       . 

2i 

J:::::::'::::::::::::: 

23::::::::::::: 

25 

6.             1 

o.. ............ ...... 

24 

46 
45 
42 
41 
35 

1.32 
1.30 
1.37 
1.38 
1.^1 

25 

26 

27 

28 

.29 

30 

31 

Mean.. 

1.22 
1.20 
1.19 
1.14 
1.11 
1.14 
1.16 

60 1  ::::::::.- 

8. 

1.31 

62 
46 
50 
70 
60 
65 
50 

75  . 

9 

77:::::::i:::..-. 

10 

1.25 

'i.*i9* 

ce  ..       I 

11 

12 

32  I  1.74 

35  1  1.66 

37     1.42 

48.7    

152  1 t 

136  1             i     

13 

14 

85' 

68.1  1 

8.42' 

9.71  1 ' 

!           1 

M.  7 

15 

16 

17 

18 

41 

41 
38 
42 

1.05 
1.34 
1.40 
1.35 

Run  -  off    per 
square  mile. . 

Run-off,  depth 
in  Inches 

7.06 
6.30 

9.35 

ACS 

Note.— Channel  conditions  were  changed  during  the  high  water  of  Septemlier  10.  and  a  new  rating 
table  was  used  after  that  date.  Discharges  for  days  between  July  8  and  25,  when  the  gage  was  not 
read  were  obtained  by  the  aid  of  a  hydrograph. 

Daily  discharge  in  second-feet  of  North  Fork  of  Grand  Central  River  at  pipe  intake y  J 906-7. 
[Elevation,  1,030  feet;  drainage  area.  2.3  square  miles.] 


Day. 

1906. 

1907. 

July. 

Aug. 

22 
22 
22 
24 
24 
21 
023 
25 
23 
25 
24 
20 
20 
21 

Sept. 

31 
o31 
27 
27 
28 
26 
23 
22 
a  19 
20 
19 
17 
18 
19 

July. 

Aug.  ; 

Sept. 

1 

21 
21 
21 
22 





37 
40 

52 
40 

30 
34  I 

29 

•     29  , 

«27  ■ 

i' 

25 

23  , 
23 

22 

24  : 

46 

2 

3J 

3 

25 

4 

32 

6 

dii 

n 

27 

7 

22 

8..:..:.::::::::.:.::.:..:::.:::::::::::::::::::...:..:::::;;: 

21 

9 • 1 

74 

10 1 

171 

11 i 

110 

12 1 

76 

13 .   .....   .       .   ....   .   ......   ...1 .. 

52 

14 ::::.:::...::: :.:::.:..::.: i 

49 

a  Measurements.  Other  discharges  are  obtained  by  taking  about  the  same  percentage  of  the  flow  at 
the  lower  station,  as  was  found  on  the  dates  of  measurements.  This  varied  from  70  to  90  per  cent. 
Gagings  on  June  20. 1906,  gave  30  second-feet,  and  on  J u«e  26, 1906,  43  second-feet.  The  flow  from  July  5 
to  19,  1906,  probably  exceeded  35  second-feet. 
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Daily  discharge  in  second-feet  of  North  Fork  of  Grand  Central  River  at  pipe  intake^ 

i9(?e-7— Continued. 


Day. 

1006. 

1907. 

July. 

Aug. 

21 

20 
a  19 

20 

19 

20 

24 

27 

46 
<>28 

30 

30 

50 

50 

53 

40 

36 

Sept. 

July. 

Aug. 

Sept. 

1.5 

18 
18 
17 
19 

33 
33 
30 
34 
40 
48 
64 
41 
40 
37 
37 
«38 
33 
28 
26 
28 
30 

20 
51 
61 
52 
42 
51 
67 
67 
62 
48 

a43 
54 
55 
44 

110 
08 
61 

47 

ir» 

a41 

17 

35 

18 

32 

19 

28 

20 

31 
35 
30 
33 
4S 
37 
a33 
34 
38 
28 
32 
21 

26 

21 

25 

22 

15 

23 

18 

24 

25 

26 ... 

27 

28-. 
29-- 



30 

31.. 

Mean 

Run-off  per  square  mile 

30.3 
13.2 
7.86 

27.4 
11.9 
13.7 

22.2 
9.65 
6.46 

39.0 
16.9 
15.1 

43.5 
18.0 
2X.8 

40.5 
20.2 

Riin«K>ff,  depth  in  Inches 

17.3 

a  Measurements.  Other  discharges  are  obtained  by  taking  about  the  same  percentage  of  the  flow 
at  the  lower  station,  as  was  found  on  the  dates  of  measurements.  This  varied  from  70  to  90  per  cent. 
Gagings  on  June  20, 1906,  gave  30  second-feet,  and  on  June  26, 1906, 43  second-feet.  The  flow  from  July 
5  to  19, 1906,  probably  exceeded  35  second-feet. 

A  limestone  spring  at  an  elevation  of  850  feet  discharges  into  North 
Fork  near  the  proposed  ditch  intake,  and  is  the  largest  of  a  consider- 
able number  of  springs  in  the  upper  Grand  Central  Valley.  The  fol- 
lowing measurements  of  the  flow  of  this  spring  were  made  in  1907: 
July  10,  3.8  second-feet;  September  5,  7.4  second-feet. 

WEST   FORK   OF   GRAND   CENTRAL   RIVER. 

West  Fork  of  .Grand  Central  River  has  its  source  in  Mount  Osbom, 
and  flows  between  Mount  Osbom  and  the  high  ridges  which  separate 
the  Grand  Central  drainage  from  the  Sinuk  drainage.  It  is  fed  from 
snow  storage  for  a  greater  part  of  the  season,  by  limestone  springs, 
and  by  Crater  Lake,  which  lies  at  an  elevation  of  973  feet  and  has  an 
area  of  about  106  acres. 

There  is  considerable  glacial  drift  in  the  lower  part  of  the  basin 
containing  several  depressions,  one  having  an  area  of  nearly  5  acres. 
These  depressions  fill  with  water  during  a  rain  and  gradually  drain  off 
through  the  gravel. 

Two  gaging  stations  were  established  on  the  fork  in  1906  at  eleva- 
tions of  1,010  and  860  feet.  The  lower  station  is  just  above  the 
outlet  to  Crater  Lake  and  shows  the  flow  at  the  proposed  ditch  intake. 
The  other  station  was  established  to  obtain  the  flow  at  the  proposed 
pipe  intake  by  comparison  with  the  flow  at  the  lower  station.  The 
flow  was  about  70  per  cent  of  that  at  the  lower  station  during  the 
earlier  part  of  the  season  of  1906.  As  the  snow  above  the  pipe  intake 
melted  away  and  the  flow  of  the  springs  between  the  intakes  in- 
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creased,  this  percentage  became  about  35  for  low  water  and  50  iat 
higher  stages.  The  cold  weather  in  September  checked  the  flow  at 
high  levels  and  reduced  the  percentage  to  32.  During  1907  the  per- 
centages were  almost  the  same  as  for  the  corresponding  dates  of  I9(M>. 
In  1907  an  additional  station  was  established  just  above  the  forks, 
where  the  flow  from  Crater  Lake  is  included. 


Discharge  measuranents  of  West  Fork  of  Grand  Central  River  at  the  forks,  1907. 

[Elevation,  090  feet.] 


Dat«. 


July  10.. 
.Tuly  16.. 
.July  26.. 
August  5 


Feet. 
1.88 
1.77 
1.74 
1.65 


Dis- 
charge. 


Sec.'ft. 


Date. 


August  13 

August  26 

September  5. . . 
i  September  17., 


Qi 


Feet. 
1-61 
1.71 
1.62 
1.70 


Di*. 
charge. 

Sex-.-ji. 

« 
44 

61 


Note.— TheRc  measurements  were  made  by  subtracting  the  flow  of  North  Fork  from  that  of  tbe 
river  l^elow  the  forks,  taking  both  from  the  rating  curves  of  tho  two  stations,  all  three  gages  l>eliig  reetd 
at  the  same  time. 


Daily  gage  height  and  discharge  of  West  Fork  of  Grand  Central  River  at  the  forkSy  J907 
[Drainage  area,  7.7  square  miles.] 


July. 

Au 

B 

Fen. 
1.72 
1.71 
1.70 
1.70 
1.65 

i.eo 
i.eo 

1.62 
1    ft4 

gust. 

Septemlier. 

1 

1      I>ay. 

1 

July. 

August. 

Sept 

«ii]ber. 

Day. 

'4 

of 
Feet. 

Sec.'fl. 

o 

Sec.-ft. 
66 
64 
61 
61 
50 
42 
42 
45 
48 
45 
45 
50 
45 
50 

iJI 

154 
125 
112 

1.82 
1.78 
1.63 
1.72 
1.68 
1.68 
1.76 
1.84 
2.07 
2.70 
2.37 
2.12 
1.82 
1.80 
1.80 
1.74 
1.70 
1.67 
1.62 

p| 

If 

1 

82 
47 

66 
57 
57 
77 
99 
179 
406 
287 
197 
93 
87 
87 
71 
61 
64 
45 

1 

'  20 

Feet. 

See.-ft. 

100 

140 

Feet.  \Sec.-ft. 
1.78  1    83 
1.82  1    93 
1. 78  1    S3 
1.72  i    66 
1.65  1    SO 
1.64  1     48 

1.63  1     47 

1.64  1     48 

1.65  1    50 

Feet, 
1.61 
1.59 
1.54 
1.61 

'"if- 

2 

1 

!  21 

22 

!23 

124 

!25 

126 

27 

128 

l29 

30 

131 

!  Mean.... 
1  Run -off, 
1      square  n 
1  Run-off,  ( 
ininq^es 

41 

3 

90 

1  80 

'  76 

1. 75  1  74 

34 

4 

44 

5 

6        .   . 

! 

7 

1.75 
1.70 
1.66 
1.60 
1.68 
1.70 

74 
61 
60 
42 

g 

1.93 

129 
95 

9 

10 

1.88 

112  1  i.  62' 
125  1  1.62 
90  j  1.  65 
qc;  '  1   AO 

2.32 
2.38 
1.88 

276 
291 
115 

11 

12 

11 

14 

15 

16 

17 

18     ... 



1.77 


88 
SO 
79 
70 
75 

1.65 
1.62 
1.88 
2.00 
1.92 

al^.. 
lepth 
J 

84.6 
11.0 
9.82 

81.0 

ia5 

12.1 

1 

1 

1 

100 

13.0 
II.I 

19 

85     1.88 

Discharge  measureTnenls  of  West  Fork  of  Grand  Central  River  at  ditch  intake,  IBOG-T. 

[Elevation,  860  feet.] 


Date. 


June  19. 
June  26. 

July  1 

July  10 

July  U 

July  22 

July  24 

July  25 

August  6.. 
August  16. 


1906. 


Gage 
height. 


Feet. 


1.65 
1.53 
1.20 
1.41 
1.34 
1.12 
1.01 


Dis- 
charge. 


Date. 


.1    _  . 


Sec.-ft. 
40. 
38 
28.  e 
116 
86 
38. 
68 
50 
30. 
23 


1907, 

Julys 

July  16 

July  26 

August  6 

August  26 

September  6 

September  10. . . 


Gage     ;     Dift- 
helgnt.   I  cbaige. 


Feet. 
1.30  I 
1.18  1 
1.13 
1.01 
1.18 
1.18 
1.37 


Sec.-ft. 
09 
51 
41 
32 
35 
39 
48 
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Daily  gage  height  and  discharge  of  West  Fork  of  Grand  Central  River  at  ditch  intake, 

1906-7. 

[Elevation,  860  feet;  drainage  area,  5.4  square  miles.] 


1906. 

1907. 

July. 

T 

1 

gust. 

1 

5 

8ec.-ft. 
30 
30 
30 
34 
34 
30 
32 
29 
26 
23 
25 
28 
27 
25 
24 
23 
22 
22 
22 
21 
30 
36 
60 

38 
54 
47 
47 

JJ_ 

32.5 

0.02 

•     6.94 

September. 

July. 
Feet.  Sec.-ft. 

Au 

1 

Feet. 

g;ust. 

i 

1 

Sec.-ft. 

45 

44 

43 

43 

39 

37 

39 

47 

47 

40 

41 

41 

43 

43 

38 
103 

77 

60 

43 

56 

63 

56 

43 

37 

35 

36 

37 

35 

98 

82 

(^6 

50.  2 
9.30 
10.7 

Sept 

1 

1 

emlter. 

r>ay. 

t 
1 

Feet. 

i 

1 

Feet. 
1  27 

! 

1 

ft 

I      

Sec.-fi. 
29 
28 
22 
28 
162 

Feet. 

1.12 

'i."i2" 

1.15 

1.11 

Sec.-ft. 

Feet. 
1.20 
1.25 
1.10 
l.ld 
1.15 
1.15 
1.12 
1.10 
1.35 
1.85 
1.75 
1.60 
1.45 
1.40 
1.40 
1.37 
1.32 
1.30 
1.28 
1.28 
1.27 
1.22 

Sec.-ft. 
41 

2:::::::::::::: 

1.10 
1.00 
1.10 
1.80 

1.24  1    « 

1.20       36 

1.12       30 

1.08      27 

1.05  1    25 

1.05  1    25 

1.02       23 

1.01  1    23 

1.00  1    22 

1.00      22 

1.00       22 

.98       21 

.95      20 

.92       19 

.92  !    19 

.92  1    19 

1.00      22 

1 

47 

3 

31 

4 

30 

5 





1.08 
1.06 
1.08 
1.15 
1.15 
1.09 
1.10 
1.10 
1.12 
1.12 
1.07 
1.49 
1.48 
1.38 
1.25 
1.35 
1.40 
1.35 
1.25 
1.20 
1.18 
1.19 
1.20 
1.18 
1.50 
1,48 
1.38 

36 

e 

36 

7 

33 

8 

1.30 

i'.hi' 
i.'is' 

69 
65 
107 
110 
65 
68 
60 
54 
51 
45 
50 
60 
70 
100 
65 
58 
54 
54 
45 
42 
34 
28 
41 
45 

31 

a 

61 

10 

1.65 
1.53 
1.75 
1.60 
1.65 
1.45 
1.40 
1.45 
1.40 
1.30 
1.30 
1.35 
1.20 
1.52 
1.41 
1.33 
1.25 
1.-25 

116 
86 
144 
103 
90 
70 
61 
70 
61 
47 
47 
54 
36 
83 
63 
51 
42 

1 

36 
32 
31 

1.02 
1.05 
1.10 
1.08 
1.05 

i.oi' 

1.00 
1.00 
1.00 
.98 
1.12 
1.20 
1.39 
1.21 
1.16 
1.22 
1.35 
1.30 
1.30 
1.27 



149 

11 

109 

12 

84 

13 

50 

14 

52 

15 

52 

16 

48 

17 

42 

18   

40 

19 

38 

20 

38 

21 

1 

37 

22 



1.60 

O103 

32 

23 V 

35 

24 

25 

1.20 

1.13 

26 

1 

27 

28 

29 

1.20 
1.15 
1.14 

30 

1.10 

31 







Mean 

62.0 
11.5 
11.5 

2.5.5 

00.0 

11.1 

9.90 

50.7 

Run-off  per   8( 
mile 

luare 

1      4.72 

1 

1      3.10 

1 

9  39 

Run -off.    dept 
inches 

ti    in 

8  03 

a  Not  included  in  mean. 

Note.— Discharges  lor  1907  have  been  computed  from  four  rating  tables  on  account  of  the  shifting 
channel  conditions,  and  are  somewhat  uncertain.  Discharges  for  days  lictween  July  8  und  August  5, 
vrhen  the  gage  was  not  read,  were  obtained  by  the  aid  of  a  hydrograph. 
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WATEE  SUPPLY   IN   ALASKA,  1906-1907. 


Daily  gage  height  and  diacharge  of  West  Fori  of  Grand  Central  River  at  pipe  intake, 

1906-7, 

[Elevation,  1,010  feet;  drainage  area,  2.8  square  miles.] 


1906  (diachar 

ge). 
Septem- 

1907. 

Day. 

July. 

Aqgust. 

July. 

August. 

Septcmba. 

Gage 
hei^t. 

Dis- 
chai^ge. 

Oa«e 
helgit. 

Dis- 
chaige. 

Gage        Disu 
hei^t.|cfaaige. 

1 

Sec-ft. 

a  19 

18 

15 

18 

Sec.-fL 
12 
12 
12 
14 
14 
al2 
12 
10 

9 

8 

9 
11 
10 

9 

8 

8 
07.6 

8 

8 

16 
30 
a  18. 5 
15 
19 
27 
24 
24 
22 
22 

Sec-fL 
22 
10 
16 
12 

9 

9 

8 

8 
a7.3 

7 

7 

7 

7 

6 

6 

6 

6 

7 

Feet, 

Sec.-ft 

FeeL 

Sec-fL 

14 

14 

14 

14 

12 
alL3 

12 

15 

15 

13 

13 

13 
613.7 

14 

12 

52 

35 

19 

14 

18 

20 

18 

14 

12 
<il2 

12 

12 

11 

39 

33 

26 

Feet. 
....... 

*  Vss" 

'.'.'.'.'.11'. 
'ilce' 

1  Stf-fL 

.;     13 

2 

.'       15 

3 

15 

4 

J       11 

5 

'    »1L5 

6 

0.86 

11 

7 

1       12 

8 

"L27' 

31 

29 
•  47 

48 

29 

30 

26 

24 
.22 

20 

22 

26 

31 

44 

29 

26 

24 

24 
a  19. 3 

18 

15 

12 

18 

20 

'  ".'oi" 

"".'96' 

13 

9 

1      ^ 

10 

74 

11 

a45 
72 
52 
45 
32 
27 
32 
27 
20 
20 
23 

fll5 
44 
32 

a25 
19 
19 
16 
14 
13 
12 

54 

12 

'       •10 

13 

28 

14 

15 

16 

17 

18 

19 

1  25 
25 

1  ^23 
17 

i       13 

i       12 

20 

12 

21 

1       12 

22 

10 

23 

11 

24 



25 

1 

26 

.  . 

a. 98 

27.      ..            

:::::::1*":::::: 

28 



f 

29 

1 

30  

31 

Mean 

27.0 
9.64 
&96 

13.9 
4.06 
5.72 

9.4 
3.36 
2.25- 

2&4 
9.43 
&42 



17.6 
&29 
7.25 



ano 

Rim-off    per    square 
mile 

7.32 

Run  -  off,    depth    In 
inches 

6L26 

•  Measurements. 

b  Estimates  based  on  gage  readings.  Other  discharges  are  obtained  by  taking  about  the  sanv 
percentage  of  the  flow  at  elevation  860  feet  as  was  found  on  the  dates  of  measurements.  Gagings 
on  June  19, 1906,  gave  28  second-feet,  and  on  June  26,-  26  second-feet. 

CRATER    LAKE    OUTLET. 

Crater  Lake  dischai^es  into  West  Fork  of  Grand  Central  River  just 
below  the  ditch  intake  on  that  stream.  The  lake,  which  lies  in  a 
depression  of  glacial  origin,  has  an  elevation  of  973  feet  and  an  area 
of  106  acres.  Its  basin  adjoins  those  of  Sinuk  River  and  Thompson 
Creek. 

A  gaging  station  was  located  on  the  outlet  about  midway  between 
the  lake  and  West  Fork.  The  stream  bed  is  composed  of  large  angular 
rocks  and  has  a  fall  of  nearly  300  feet  to  the  mile.  It  is  hard  to  make 
measurements  on  account  of  the  swiftness  of  the  current,  and  the 
highest  one  of  1906  is  only  approximate.  Gage  heights  were  taken  by 
employees  of  the  Wild  Goose  Mining  and  Trading  Company. 
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Discharge  mtasurements  of  Crater  Lake  outlelf  1906-7. 
[Elevation,  025  feet.] 


Date. 


June  19. 
June  26. 

July  1 

July  10 

July  22 

July  24 

August  6 

August  8 

Aueust  16 

September  9. 


1906. 


Feet 


1.55 
.96 

1.10 
.90 
.96 
.80 
.73 


I 


Sec-ft. 
14.2  I 
23.7 
13.6 
59.0 
12.0 
21.5 

7.1 
13.0  , 

5.6  I 


Date. 


Case    I     Dis- 
helgnt.      charge. 


1907. 

Julys 

July  16 

July  26 

July  30 

August  6 

August  13 

August  25 

Septembers 


Daily  gage  height  and  discharge  of  Crater  Lake  outlet^  1906-7. 
[Drainage  area,  1.8  square  mites.] 


1906. 

1907. 

July. 

August. 

September. 

July. 

August. 

September. 

Day. 

1 

1 

1 

Q 

1 

i 

-J 

i 

o 
Feet. 

i 

1 

i 

1 

1 

1 

Feet. 

Sec-I, 

Feet. 
n  A.<; 

Sec.-ft. 

7 

8 

8 

9 

9 
11 
12 
10 

9 

9 
14 
11 

9 

7 

5.5 

5.5 

5.5 

5.5 

5 
15 
15 
31 
15 
14 
21 
23 
21 
17 
14 
13 

Feet. 

0.98 
.94 
.90 
.82 
.78 
.78 
.78 
.75 
.73 
.71 
.69 
.68 
.65 
.65 
.61 
.61 
.61 
.75 

10 
9 
6 
5 
5 
5 
4.5 

•  4.3 
4.1 

.  3.9 
3.8 
3.5 
3.5 
3.1 
3.1 
3.1 
4.5 

Sec.'ft. 

Feet. 

20 
17 
17 
12.3 
11.8 
S.0 
11.8 
11.2 
11.2 
11.8 
11.2 
12.3 
12.3 
10.7 
47 
46 
34 
24 
40 
46 
40 
34 
40 
80 
41 
42 
40 
52 
40 
34 

Feet 

1.03 

1.10 

1.08 

1.15 

.93 

.90 

.85 

.83 

.80 

1.05 

1.90 

1.75 

1.40 

1.40 

1.35 

1.00 

.97 

.95 

.94 

.92 

.82 

.75 

.75 

Sec.-ft. 
11.8 

2 

1.00 
1.00 
1.15 
1.65 

14   

14   

25  ' 

16.0 

3 

14.7 

4 

19.7 

5 

60 

.95 

1.04 
1.03 

.95 
1.03 
1.02 
1.02 
1.03 
1.02 
1.04 
1.04 
1.01 
1.41 
1.40 
1.30 
1.20 
1.35 
1.40 
1.35 
1.30 
1.35 

.95 
1.30 
1.37 
1.35 
1.45 
1.35 
1.30 

7.4 

6 

6.4 

7 

- 

5.2 

8 

.96 

1.32 
"i.'27" 





i.'is' 


36 

28 

31 

36 

26 

30 

26 

22 

22 

20 

22 

26 

30 

40 

30 

24 

22 

21 

18.2 

18 

15 

12 

12.3 

17 

4.8 

9 

4.2 

10 

1.55 
1.25 
1.45 
1.30 
1.15 
1.10 
1.15 
1.10 
1.05 
1.00 
1.00 

i.a5 

.96 
1.06 
1.10 
1.05 
1.02 
1.00 

59 
33 
50 
37 
25 
21 
25 
21 
17 
14 
14 
17 
12 
18 
21 
17 
15 
14 
12 
9 

.90 
.90 
1.00 
.95 
.90 

".'so" 

.80 

.79 

.80 

.78 

1.01 

1.01 

1.22 

1.02 

1.00 

1.10 

1.12 

1.10 

12.8 

11 

106 

12 

88 

13 

46 

14... 

15 

46 
40 

16 

10.2 

17 

8.9 

18 

8.0 

19    ..  . 

7.7 

20 

7.0 

21 

4.6 

22 

1.40 

fl46 

3.5 

23 

3.5 

24  .  .       .     . 

25 

1.17 
1.13 

26 

".'."l. ...... 

27 

28 

.       i' 

29 

.90 
.88 
.88 

30 

8 ;  1.00 

«l 

1.04 

31 

Mean 

Run-off  per  s< 

mile 

Run-off,    deptl 
inches 

)uare 
r  in 

22.3 
12.4 
12.4 

11.8 
6.56 
7.56 

...... 

5.2 
2.80 
1.93 



24.4 
13.6 
12.1 

26.0 
14.4 
16.6 

:: 

21.0 
11.7 
10.0 

a  Not  Included  in  mean. 
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WATER  SUPPLY   IN   ALASKA,  1906-1907. 


GRAND    CENTRAL   RIVER    BELOW   THE   FORKS. 

This  station  was  established  to  obtain  the  total  flow  that  can  be 
diverted  over  the  Nugget  divide  from  the  headwaters  of  Grand  Cen- 
tral River.  But  little  water  enters  the  stream  between  this  station  and 
the  proposed  ditch  intakes.  Gage  readings  were  taken  during  1906 
by  employees  of  the  Wild  Goose  Mining  and  Trading  Company. 
Gage  readings  were  discontinued  in  1907,  but  measurements  were 
made  and  the  discharge  of  West  Fork  obtained  by  subtracting  that  of 
North  Fork  from  the  total  below  the  junction.  The  two  stations 
above  the  forks  replaced  the  one  below  the  forks  in  1907. 

Discharge  nieagurements  of  Grand  Central  River  below  the  forks,  1906-7. 
[Elevation.  680  feet.] 


Date. 


July  1 

July  11.... 
July  24.... 
Do... 
July  26.... 
August  7.. 
August  17. 


Gage 
height. 

Dls-      1 
charge,    j 

Feet. 

Sec.' fret. 

0.95 

63 

1.40 

180 

1.29 

140 

1.22 

129 

1.10 

101 

.89 

66 

.79 

54.4 

Date. 


Ga 
heifi 


It. 


July  10. 

July  16 

July  26 

.\UgU8t  5 

August  13 

Septembers.. 


1907. 


Feet. 
1.33 
1.20 
1.19 
1.Q2 
.97 
1.06 


I>i»- 
chtirge. 


Sec.'fett. 
145 
121 

119 

So 

72 


Daily  gage  height  and  discharge  of  Grand  Central  River  below  the  forks,  1906. 
[Drainage  area,  14.6  square  miles.] 


July. 

August. 

SepU 

mber. 

Dlsi- 
chATge. 

Day. 

Gage    i     Dis- 
height.  1  chaige. 

Gag© 
height. 

Dis- 
charge. 

Gage 
height. 

1 

Feet. 

0.95 

.90 

.95 

1.05 

1.87 

Sec-feet. 
63 
56 
63 
80 
370 

Feet. 

0.90 

.90 

.90 

.95 

Sec.'feet. 

67 

67 

74 

74 

67 

79 

73 

67 

65 

66 

66 

65 

62 

59 

56 

54 

54 

53 

53 

65 

59 
210 

96 

86 
140 
210 
135 
135 
HI 
104 

Feet. 
1.10 
1.05 
1.00 
.95 
.93 

Sec.-feei. 

2    .           

91 

3 

82 

4 

74 

5 

72 

6 

.90 
.98 
.94 
.90 

67 

7 

63 

8 

59 

9 

1.75 
1.70 
1.45 

325 
300 
198 

.80 

55 

10 

.M 

11 

.78 
.75 
.75 

53 

12 

280 

50 

13 

1.45 
1.42 

198 
187 
168 
160 
180 
100 
91 
100 
100 

sn 

14 

.75  '          50 

15  .                                         ... 

.72  1          48 

16 

.81 
.79 

.71  1          47 

17 

1.40 
1.10 

i.a5 

1.10 
1.10 

47 

54 

18 

19 

20 

.   -78 

' 

21 

■•••* 1 '•*• 

22 

1.00  1        82 

1.72  1     3  310 

2}::::::::::::::::::::::::::::::::::::::::: 

1.28 
1.29 
1.18 
1.10 

143 
145 
118 
100 
100 
100 
82 
82 
67 

24             

1.08 
1.02 

1 

25 

26          .              

27 

28:::::::::::::.:.:...:..:::::.:.:: 

1.10 

1.00 

1.00 

.90 

1.25 
1.25 
1.15 
1.12 

.     .       .  . 

29 

30 



31 



Mean 

{>144 

86.2 
5.84 
6.73 

C62.0 

Run-ofT  per  square  mile                  .... 

9.86 
10.27 

4.25 

Run-olT,  deptu  in  inches 

2.84 

a  Not  Included  In  mean. 


628  days. 


elSdays. 


Note.— The  interpolated  discharges  of  Aug.  21-23  and  26-27  are  40  to  45  per  cent  of  the  flow  at  the  sta- 
tion below  Nugget  Creek.  This  is  about  the  proportion  that  holds  foi  nigher  waiter.  Other  interpo- 
lations are  made  by  comparison  with  the  West  Fork  and  Crater  Lake  outlet  stations. 
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GRAND   CENTRAL   RIVER    BELOW    NUGGET    CREEK. 

This  station  was  established  June  30,  1906,  but  it  was  not  possible 
to  obtain  regular  gage  readings  until  August  12,  after  which  the  gage 
-w^as  read  once  each  day  by  A.  W.  Peterson.  At  low  water  the  river 
at  this  point  is  about  50  feet  wide  and  1  to  2  feet  deep,  and  has  a 
mean  velocity  of  about  2  feet  per  second.  It  is  impossible  to  obtain 
measurements  above  gage  height  1.2  feet  by  wading.  The  estimates 
at  this  station  give  practically  the  total  flow  of  Grand  Central  River 
into  Salmon  Lake. 


Discharge  measurements  of  Grand  Central  River  below  Nugget  Creek,  1906. 


Date. 

Gaffe 
height. 

Sec-feet. ''. 

313      Auiniflt28 

Qago 
height. 

Dis- 
charge. 

June  24 

leet. 

leet. 
1.10 
.46 
.36 

Sec-feet. 
324 

June  30 

6.57 

148   !  September  9 

.   121 

July  7 

.98 
.46 

286   1  SeDtember  14 

101 

August  4 

m  I^P'^'"'^'^'^ 

Mean  daily  gage  height  and  discharge  of  Grand  Central  River  below  Nugget  Creek,  1906. 

[Drainage  area,  39  square  miles.] 


July. 

August. 

Septo 

mber. 

Day. 

Gage 
height. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. 

Gage 
height. 

Dis- 
charge. 

1 

Fert. 
0.5 

Sec. -feet. 
132 

Feet. 

Sec-feet. 

Feet. 
0.8 
.75 
.65 
.6 
.6 
.55 
.5 
.5 
.45 
.42 
.4 
.4 
.38 
.35 
.35 
.3 
.3 
.4 
1.2 
2.6 
2.2 
1.6 
1.6 
1.35 
1.15 

Sec-feet. 

2 

.45 

120 

204 

3 





172 

4 

1  

157 

5 

1 

157 

6 

': 1         1 

144 

7 

1    .     1 

132 

8 

.   1         1 

132 

9 

:  1 ' 

120 

10 

1.9 

750 

114 

11 



109 

12 

13 

1.55 

545 

" 

132 
132 
132 

109 
105 

14 

.      100 

15 

.4    '      109 
.42         114 
.45         T^ 

100 

16 

90 

17 

90 

18 

1 

.4 

.35 

.5 

109 
100 
1!W 

109 

19 

375 

20 

1.230 

21 

22 

.6 

157 

.55         144 

.5           132 

1.5          520 

.8    '      220 

.7           187 

1.05         310 

1.5    ,      520 

l.l           330 

.95         272 

.9     1      2.«w 

950 
570 

23:.:.:.:....::....: :.:.:::::::::::::::::::::: 

570 

24 

445 

25 

352 

26 

.5 

132 

27 

28 



29 1 

30 ....'..   

31..::..:...::::...:::..::.::::.::::::::::::::::::::: 

.8 

220 

Mean 

1 

a  210 
5.38 

6274 

Run-off  per  square  mile 

7.03 

Run-off,  depth  in  Inches i 

4.00 

6.54 

a  20  days. 


6  25  days. 
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GOLD   BUN. 

Gold  Run  enters  Grand  Central  River  from  the  east,  about  2  niiles 
below  the  forks.  It  drains  a  high  cirque  which  lies  between  North 
Fork  and  Fox  Creek,  has  a  rapid  fall,  and  terminates  in  a  large  gravel 
fan.  A  glacial  lake  near  the  head  of  its  valley  affords  possibilities 
of  storage  to  regulate  the  flow.  On  account  of  the  large  flow^  and 
the  concentration  of  a  considerable  fall  in  a  short  distance,  Gold  Run 
has  greater  advantages  for  a  high-head  power  development  than  any 
other  stream  on  the  south  side  of  the  Kigluaik  Mountains. 

In  order  to  determine  the  quantity  of  water  from  this  stream  avail- 
able for  diversion  across  the  Nugget  divide,  a  station  was  established 
at  an  elevation  of  about  800  feet. 

Daily  gage  height  and  discharge  of  Gold  Run,  1906-7, 
[Elevation,  800  feet.] 


1906. 

1907. 

July. 

August. 

September. 

July. 

August. 

September. 

Day. 

i 

& 

*i 

1 

i 

1 

♦» 

1 

i 

1 

1;  § 

q3 

43 

•^    1     * 

1 

^ 

1 

t 

1 

1 

1 

1 

1 

1 

|-|  1 

o 

Feet. 

5 

o 

« 

o 

Q 

0 

5 

0 

« 

0     \      Q 

Sec.-ft. 

Feel.  1  Sec.-/t. 

Feel. 

Sec.-ft. 

Feet. 

Sec.'ft. 

Feet. 

Sec.-ft. 

Feet,  i  Sre.-fl. 

1 

14 

•  13 

13 

1      18 

1       18 

18 

1       20 

'6:95' 

30 
626 
23 
20 
17 
10 
15 
14 
13 
«12 
12 

24 
24 
22 
22 
622 
19 
16 
18 
18 
15 
15 

2 

::::::|    s 

3 

1 

..::::'    25 

4 

1      20 

1 

1         30 

5 

24 
30 

1 

1.24 

1.22  ,      *30 

6 1 1 



1 

...       '         16 

7 

1.03 
.90 
.89 

6  34 
6  22 
621 

1         14 

8.: : :    :   i ' 



1.57 



a72 
60 
80 
86 



13 

9 i ' 

..::::'    13 

10 ' 

20 
20 

i        25 

11 

1      52 

130 

12 

1.21  1    a69 

'      24 

12 

65 

15 

1        90 

13 

1      55 

1      22 

11 



70 

15 

1        70 

14 

,       45 

1      20 

11 

60 

1.16 

a  16 

to 

15 

40 

1       18 

11 

48 

13 

'        50 

10 

38 

.81      M7 

10 

1.40 

642 

50 

1.38  1      «2t> 

17 

1       42 

.80      616.5 

10 



38 

55 

1        24 

18 

24 

16 



12 

42 

48 

22 

19  

1       20 

16 

15 

i      28 

1      34 



48 
54 
70 
45 
40 
35 
32 
32 
24 
20 
618 
a23 
24 

"i!58" 

40 
60 
75 
75 
70 
60 
Ui 
6  74 
76 
GO 
90 
70 
40 

'        20 

20 

22 



1        18 

21     ..          .   .      --   - 

23 
a  18.5 
630 

30 
«30 
6  24 

24 

21 

20 

19 

18 



..   .     '        14 

22 

.84 
1.00 

..::::i    n 

23 

'".W 

50 

34 

629 

44 

. 

10 

24 

25  . 

1.00 
.93 



26 

" 



27 

::::::    ^ 

28 

1.13 





a  51 
40 
30 
32 

29 

1.20 
1.25 

30 

i 

31 - 

i 

1 

Mean 

29.0 

27.6 



15.3 



47.0 

«.. 

1  - 

a  Measurements. 

6  Estimates  based  on  gage  heights.  Other  discbarges  were  obtained  by  plotting  a  hydro^raphjpassing 
through  the  known  points  and  following  the  rise  and  fall  of  the  other  streams  in  the  vicinity.  Cagings 
made  on  June  20, 1906,  gave  22  second-feet  and  on  June  25,  24  second-feet. 
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THOMPSON    CREEK. 

Thompson  Creek  enters  Grand  Central  River  from  the  west  about 
2  miles  below  the  forks.  It  drains  a  small  glacial  cirque  almost 
^wholly  surroimded  by  very  steep  walls  ranging  from  1,000  to  2,000 
feet  in  height.  Measurements  were  made  at  a  point  with  an  eleva- 
tion of  720  feet,  which  gives  the  amount  of  water  available  for  di- 
version over  the  Nugget  divide. 

Daily  gage  height  and  discharge  of  Thompson  Creek,  1906-7. 
[Elevation,  720  feet;  drainage  area,  2.5  square  miles.] 


July. 

1906. 
August.       1  Septt 

Boiber. 

14 
12 

8 

7 

7 

7 

6 
66.2 
06.2 

6 

6 

6 

5 

5 

I.. 

July. 

1907. 
1      August. 

Septemlwr. 

Day. 

1 

1 

1 

o 

Feet. 

lit 

Sec.-ft. '  Feet. 

9       

9       

10 

■1 

5 

it 

1     o 

1 

Sec.-ft. 

30 

27 

23 

20 

15 

613 

9 

13 

13 

13 

13 

13 
6  13 
O20 

15 

'  3 
if 

'    o 
Feet. ' 

C'.'.'. 

t 

1 

1 

,'i.'25'| 
■.■99' 

1 

1 

F,cl. 

Sec.-ft. 

11 

all 

11 

16 

Feet.  Sec.-ft. 
1 

'  FeH. 

S.c..f,. 

2    

17 

3 



1 

I.. 

16 

4 

I     in      '"".: 

; 

22 

5     

11      I 

IS      ' 

6  22  S  1 

12 

fi 



1.24 

09.6 

1.39 



8 

8 

1.22  '    ftl4      1 

1.55      o49 
45 

1.69      682 

'      87 

60 

50 

:::::::  5 

1.45      632 

30 

34 





i'.i'i 

1.34 

7 

0 

10 

1.19 

al2.5  '  1.00 
11         1.00 
11 

7 
15 

11 

36 

«52 

40 

ao 

24 
28 
23 
19 
16 
16 
18 
M3 

21      1 
a9A 

100 

12 

'      17      1 

14      : 

12       

11        

1.11  ^9.6    

1.12  610       

10       

80 

13 

50 

14 

50 

lo 

42 

16 

14 

17 

50 

39 

29 

40 

46 

1      40 

34 

1       40 

1.15!      69 
1.47  1    635 

1      35 

1       35 

1       40 

34 

30 

12.6 

IS 

' 

11 

19 

■i;«- 

10       

40 
46 
55 
44 
35 
30 
6  2ft 

10 

20  ...  - 

9           

9 

21 

20       

1 

6 

22 

1.20 

20           

5 

23 

40       1 

65 

24 

i.42  1 

623                 ' 

25    

1.41  !    a23      ! 
1.29  1    M7.5 

1       Ifi      I 

21         1 

1.42  1 

26 

'i!44' 

28       1 

1.47  1    635 

; 

2V      .       .   . 

30              ..' 

1 

34 
31 
27 
032 
34 

2H 

14      ' 

11       ' 
10 

28       1 

29 

^25. 4 

.30 

22         

1.44 

1 

31 

, 

20       

1 

1 

Mean 

Run-off  per  8(] 
mile 

Run-off,    <leptt 
inches 

1      20.5 

luare 

,      8.20 

i    in 

1    "•": 

Zj 

16.6  1 ' 

6.64    

'■"1 ; 

7.6 
3.04 
2.10 

1 

1 

42.2 
16.9 
15.1 

1 

27.0 
10.8 
12.4 

'        22.8 

9.12 

7.80 

a  Measurements. 

6  Estimates  based  on  gage  heights.  Other  discharges  were  obtained  by  plotting  a  hvdrograph  passing 
through  the  known  pomts  and  following  the  rise  and  fall  of  Crater  Lake  outlet,  whose  basin  adjoins 
that  of  Thompson  Creek  and  is  of  a  similar  character.    A  measurement  on  June  25  gave  42  second-feet. 


NUGGET   AND    COPPER    CREEKS. 


Nugget  Creek  rises  in  the  divide  between  Nome  River  and  Grand 
Central  River  and  empties  its  waters  and  those  of  its  tributary,  Copper 
Creek,  into  Grand  Central  River  about  2  miles  above  Salmon  Lake. 
36283— 1KB  218—08 i 
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The  headwaters  of  both  Nugget  and  Copper  creeks  are  precipitous 
and  are  fed  by  springs  in  limestone.  Measurements  were  made  on 
Nugget  Creek  at  an  elevation  of  785  feet,  at  the  point  where  its  wateiv 
are  diverted  over  the  Nugget  divide  by  the  Grand  Central  branch  of 
the  Miocene  ditch. 

During  1907  the  discharge  of  the  creek  was  measured  in  the  ditch 
about  200  fe^t  below  the  intake.  The  results  of  measurements  are 
given  on  page  31. 

The  flow  of  Copper  Creek  is  also  tapped  by  a  branch  of  the  Jeti 
Creek  ditch  at  an  elevation  of  about  800  feet.  The  combined  monthly 
discharge  of  Copper  and  Jett  cree'  -  for  1 907  is  given  on  page  51 . 

IHscharye  vieaaxircnients  of  Niigget  and  Copper  creeks,  1906-7, 

NrGOET  CREEK. 
lEIcvtttlon,  785  feet.] 


Juno  18. 
Jiim»  19. 
Juno  21. 
Jnno  28. 
July  12.. 


1906. 


Elevation 

of  point  of  1  Diachanrr 

measure-  /'»sc'i«rg«'- 

ment. 

Fert. 


1 


Date. 


Elevation  { 
of  point  of ' 
measure- 
ment. 


Sec-feet. 
1.8 
1.6 
4.4 

.90 
0.8 


1906. 

August  11 

August  29 

Septemb<»r2... 
September?... 
8€pt€ml)erl4.. 


I 


Feet. 


Disc'hMiXf. 


r    1 
4.4 


COPPER  CREEK. 


June  18.... 
June  19.... 

June  21 

Julvl2.... 
July  21.... 
August  11 . 


700 
800 
700 
700 
800 
800 


,'  1906. 

3.8    1  August  31 

8.7  I  September  10... 
11.6   I 
11.3  ,1  1907. 

2.4  ',  July  9 

.8  ,1 


WW 
800 


'J.i 


9.4 


July  9-31 .... 

Aug^Jist 

SoptemlHT.. 

84  days 


Monthly  discharge  of  Nugget  Creek  at  Miocene  intake,  1907. 
IDrainago  area,  2.1  square  miles.] 


Month. 


Discharge  in  second-feet. 


Rim-off. 


Maxim.™.  >lniraum.      M«,n.    ^:'i,r;Ss." 


12.0  ■ 
10.0  I 
40 


3.8  I 
2.8  > 
0.8 

2.8 


.'..7  ' 
6.2 
11.0 


2.71 

2.9:. 

y  24 
3.71 


3.*' 


Note.— The  maximum  for  Septeml»er  is  estlmattKi.    For  the  daily  discharge  see  page  32. 

JETT    (REEK. 

Jett  Creek  enters  Grand  Central  River  from  the  south.  It  has  a 
short  drainage  basin  and  is  made  up  of  a  series  of  falls  and  rapids. 
Water  is  diverted  over  the  Nugget  divide  into  Nome  River  by  the 
Jett  Creek  ditch.     (See  p.  31  for  measurements  on  Jett  Creek  ditch.) 
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The  discharge  of  this  ditch  at  times  of  low  water  is  equal  to  the 
combined  discharge  of  Jett  and  Copper  creeks  at  the  intakes,  less  a 
small  amount  of  loss  by  seepage.  This  has  been  compared  with  the 
natural  flow  of  Nome  River  for  four  such  periods,  as  follows : 

ComparUon  of  flow  of  Jett  Creek  ditch  and  Nome  River  at  Miocene  intake,  1907. 


Dates. 


Jiily2ft-31 

August  1-16... 
Augnist  19-25.. 
Sopt  ember  3-8. 


Nome 
River. 


Sec.-ft. 
30 
22 
32 
34 


Jett  and 
Copi 
creel 


pper 
jeks. 


Sec.-ft. 
7.0 
5.2 
7.0 
6.4 


Creeks 
in  per 
cent  of 
Nome 
River. 


24 
22 
19 


The  above  table  shows  that  the  discharge  of  Jett  and  Chopper 
creeks  was  from  24  to  19  per  cent  of  that  of  Nome  River. 

The  combined  discharges  of  the  two  creeks  for  other  periods  than 
those  given  have  therefore  been  taken  as  24  per  cent  of  that  of 
Nome  River  for  July,  20  per  cent  for  August,  and  16  per  cent  for 
September,  on  the  assumption  that  in  September  the  flow  was 
checked  to  a  greater  extent  by  cold  weather  than  that  of  Nome  River. 

Measurements  were  made  in  1906  to  show  the  amount  of  water 
available  at  the  diversion. 

IHncharge  measuremenlH  of  Jett  Creek,  1900. 
[Elevation,  800  feet.] 


Date. 


June  19. 
July  2.. 
July  12., 


I  Discharge. 


Sec.-ft.    1 

14. 9  I   July  21 

4.4  I,  August  31 

14.3  '!  September  10. 


Date. 


!  Discharge. 


Sec.-ft. 

«.3 
4.2 


Combined  monthly  disclianje  of  Jett  and  Copper  creeks  at  }fioccn^.  intake,  1907. 
[Drainage  area,  2.2.5  square  miles.] 


Discharge  in  second-feet. 


Uun-ofT. 


Monin. 

1  Maximum. 

1 

15 

49 

Minimum. 

■ 

MoHTi      Sw'-'ft-  per 
**'**"■        sq.  mile. 

Depth 
ininche.s. 

July 

August 

September 

'                  1 
r,.9 

17. 3               7. 69 
7. 1               3. 10 
9.  fi               4. 27 

11.3                5.04 

I 

8.S7 
3.64 
4.7»i 

92  days 

49 

CREEK. 

17.27 

MORNING    CALL 

Morning  Call  Creek  enters  Grand  Central  River  from  the  south 
near  Salmon  Lake.  The  hills  to  the  south  are  lower  and  more  exposed 
than  those  of  Copper  and  Jett  creeks,  and  the  snow  melts  earlier  in  the 
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spring.  At  low  water  all  the  flow  disappears  in  the  pervious  lime- 
stone above  the  point  where  a  ditch  intended  to  cross  the  Xuggei 
divide  would  have  its  intake.  The  water  appears  again  near  ibe 
contact  with  the  schist,  at  an  elevation  of  about  750  feet. 

Discharge  measurements  of  Morning  Call  Creek,  1906. 


Date. 


Elevation  ! 
ofpointof;  jj,    ^ 
measure-  ;  A^'scnargo. 

ment.      i 


Date. 


June  20 

1       Feet. 
'               700 

June  20 

900 

Junft  2<  - 

1                500' 

1 

Sec.'fi. 
36 
24.6 
27.3 


Eievalion 

measure-      *'*«-**-«t 
ment. 


July  2 

July  12 1 

August  9 1 

I 


Feet. 


1" 


TOO 

900 


STORAGE    POSSIBILITIES. 

There  are  several  reservoir  sites  in  the  headwaters  of  Grand  Central 
River.  The  most  important  of  these  is  Grater  Lake^  which  lies  in  a 
cirque  at  an  elevation  of  973  feet.  This  lake  has  an  area  of  106  acres, 
and  a  dam  to  raise  the  water  15  feet  would  increase  the  area  to  about 
160  acres.  The  outlet  could  be  arranged  so  as  to  draw  the  lake  5  feet 
below  its  present  level,  thus  giving  a  storage  capacity  of  about  2,500 
acre-feet.  There  is  also  a  small  lake  at  the  head  of  Gold  Run.  lis 
area  has  not  been  measured,  but  it  would  probably  afford  sufficient 
storage  to  reenforce  the  low-water  flow  of  that  stream  considerably. 

Computations  have  been  made  to  ascertain  the  storage  capacity' 
that  would  be  necessary  to  maintain  a  given  discharge  in  a  proposed 
ditch,  taking  water  either  from  (1)  Gold  Run,  both  forks  of  Grand 
Central  River,  and  Thompsdn  Creek;  (2)  the  forks  of  Grand  Central 
River  and  Thompson  Creek,  without  Grold  Run;  or,  (3)  Gold  Run 
alone,  with  storage  obtained  on  the  lake  on  that  stream.  Both  1  and 
2  have  been  studied  for  a  discharge  of  80,  100,  and  120  second-feet 
with  storage  obtained  on  Crater  Lake. 

The  amount  of  water  that  would  have  to  be  drawn  from  storage 
during  any  day  is  the  difference  between  the  discharge  of  the  streams 
tapped  and  the  assumed  capacity  of  the  ditch.  The  sum  of  these 
deficiencies  for  any  week  or  month  gives  the  total  draft  that  would 
be  made  on  the  reservoirs  for  that  period. 

The  days  of  deficient  flow  during  1906  occurred  in  four  periods  and 
those  for  1907  in  three  periods,  between  which  there  were  periods 
when  the  discharge  of  the  streams  exceeded  the  capacity  of  the  ditch. 
During  such  periods  of  greater  flow  some  of  the  water  could  be  con- 
served in  one  of  the  lakes  already  mentioned.  The  amount  thus 
retained  would  be  equal  to  the  excess  of  the  discharge  of  the  streams 
over  the  ditch  capacity  until  this  excess  became  greater  than  the  dis- 
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charge  into  the  lake,  or  until  the  lake  had  refille<l  or  contained  enough 
water  to  meet  any  later  demands  on  it.  The  amount  thus  conserved 
during  periods  of  high  water,  deducte<l  from  the  total  drawn  from 
storage,  gives  the  net  storage  capacity  that  would  be  ret^uired.  The 
unit  used  in  the  following  statement  is  1  second-foot  for  1  day,  which 
is  ectual  to  nearly  2  acre-feet. 

Storage  capacity  required  to  maintain  given  dischargegy  1006  and  1907. 
GRAND  CENTRAL  RIVER,  THOMPSON  CREEK,  AND  ({OLD  RUN. 


Diacharge. 


Sec-feei. 

80 
100 
120 


July  1  to  September  30,  1900. 


Total         Storage  capacity  re- 
deficiency,  quired. 

Sec.'ft.  for  ,  Sec. 'ft.  for 


1  day. 
127 
560    I 
1, 


i 


1  day.  i  Acre-fret. 

123  244 

372  t  738 

1,002  1,987 


July  8  to  September  23, 1907. 


Total  Storage  capacity  rr^ 

deficiency. '  quired. 


Sec.-ft.for  i  Sec. -ft.  for 
1  day.  1  day. 

9  9 

51  51 

274  145 


Acre-feet. 
18 
101 


GRAND  CENTRAL  RIVER  AND  THOMPSON  CREEK. 


80 

413 

268 

100 

1,227 

926 

120 

2,206 

1,811 

532 

26  1 

26 

1 
51 

1,834 

212 

107 

213 

3,5yo 

007 

320 

635 

GOLD  RUN. 


20 

165 

104 

206 

25 

395 

181 

350 

30 

679 

444 

880 

91 

40 

79 

225 

117 

2:J2 

410 

217 

43U 

Note.— Discharges  for  the  latter  part  of  September,  ItiOO,  were  entlmated. 
SALMON  LAKE. 

Salmon  Lake  lies  at  the  foot  of  the  Kighiaik  Mountains  at  an  eleva- 
tion of  about  442  feet.  It  has  a  water  surface  area  of  1 ,800  acres 
and  a  drainage  area  of  81  square  miles.  Its  principal  supply  comes 
from  Grand  Central  River,  which  enters  it  at  its  west  end.  A  number 
of  small  streams  also  enter  the  lake  from  both  the  north  and  the  south, 
but  with  the  exception  of  Fox  Creek  and  Jasper  Creek  these  are  of 
minor  importance.  The  outlet  of  the  lake  is  through  Kruzgamepa 
River. 

This  lake  offers  an  excellent  opportunity  for  a  storage  reservoir  for 
power  purposes  and  mining  along  Kruzgamepa  River.  The  use  of 
its  water  in  the  vicinity  of  Nome  is  practically  prohibited,  owing  to 
its  low  elevation  and  the  long  tunnel  which  would  be  necessary  to 
bring  the  water  through  the  Nugget  divide  into  the  Nome  River 
basin.  By  raising  the  water  of  the  lake  to  an  elevation  of  500  feet  the 
shortest  tunnel  line  would  be  between  5  and  6  miles  long;  and  if  any 
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allowance  be  made  for  drawing  on  the  storage,  water  could  not  W 
brought  through  to  the  Nome  Valley  at  an  elevation  greater  thai, 
about  450  feet.  The  mouth  of  the  tunnel  would  be  near  Dorotlix 
Creek,  and  the  loss  in  grade  between  that  point  and  Nome  woulil 
bring  the  water  so  low  that  it  could  not  be  used  to  any  extent  for 
hydraulicking.  Even  if  the  water  could  be  brought  to  the  vicinity  of 
Nome  under  a  sufficient  head  for  hydraulicking,  the  great  cost  ami 
difficulty  of  building  so  long  a  tunnel  would  make  the  feasibility  of 
the  plan  very  doubtful. 

}fea»u.ranenl  of  flow  in  and  out  of  Salman  Lakcy  1906. 


Date.  Stream.  i  DiachAne* 

'  I  "  i" 

Src.-4>*t 

June  22 Rainbow  Creek ^  * 

Do Fox  Creek ^* 

Do 8  small  streams  (rom  north ■=  »• 

June  24 Jasper  Creek H  » 

Do Morning  Call  Creek 2' 

Do lett  Creek «  !•• 

Do G  small  streams  from  south "4 

Do Grand  Central  River  l)elow  Nugget  Creek 31.* 


,  Total 474 

June  23 1  Knisgamepa  River,  at  outlet  of  Salmon  Lake 423 

a  Estimated. 
Note.  -The  stage  of  Salmon  Lake  remained  practically  constant  from  June  22  to  24.  inclusive. 

A  measurement  on  Fox  Creek  August  16,  1906,  gave  a  discharge  of 
17.3  second-feet. 

KRUZGAMEPA  RIVER  DRAINAGE  BASIN  BELOVST  SALMON  LAKE. 
GENERAL    DESCRIPTION. 

Kruzgamepa  or  Pilgrim  Kiver,  the  outlet  of  Salmon  Lake,  has  a 
larger  discharge  than  any  other  stream  in  this  section  on  which 
records  have  been  obtained.  For  about  12  miles  it  flows  in  a  valley 
ranging  from  6  to  12  miles  in  width,  and  then  enters  the  lowlands 
north  of  the  Kigluaik  Range,  finally  discharging  into  Imuruk  Basin. 
The  principal  tributaries  are  Crater,  Grouse,  and  Homestake  creeks 
from  the  north  and  Iron  Creek  from  the  south. 

As  it  leaves  Salmon  Lake  the  river  flows  through  a  narrow^  outlet 
having  a  width  of  150  feet  at  the  bottom  and  500  feet  at  the  top, 
offering  an  excellent  dam  site  and  location  for  a  hydro-electric  power 
plant.  Plans  for  the  construction  of  such  a  plant  have  been  per- 
fected by  the  Salmon  Lake  Power  Company,  which  intends  to  develop 
3,000  horsepower,  to  be  used  on  dredges  at  Nome  and  Council  and  on 
vSolomon  River. 

Salmon  Lake,  at  its  present  level,  442  feet,  covers  1,800  acres;  if 
raised  to  a  level  of  475  feet  it  would  cover  3,600  acres;  and  at  500 
feet,  4,000  acres.     The  reservoir  thus  formed  could  be  used  for  the 
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storage  of  the  water  of  the  floods  caused  by  the  melting  snow  in  the 
spring  and  the  occasional  heavy  rains  in  the  sununer.  The  water 
thus  retained  would  give  a  large  niininiuni  flow  not  only  in  summer 
but  also  during  the  winter  months,  when  the  natural  run-off  becomes 
small. 

Kruzgamepa  River  seldom  freezes  over  before  the  first  of  January, 
and  it  is  probable  that  with  proper  installation  power  could  be 
developed  throughout  the  year. 

KRUZGAMEPA    RIVER   AT    OUTLET    OF    SALMON    LAKE. 

A  gaging  station  was  established  at  Ijeland's  camp,  about  100 
yards  below  Salmon  Lake,  June  23,  1906.  A  temporary  gage  had 
been  set  and  float  measurements  made  during  the  spring  flood  by 
J.  P.  Samuelson. 

Discharge  measurements  were  made  by  wading  when  the  discharge 
was  less  than  600  second-feet.  The  high-water  measurements  were 
made  by  floats  in  1906,  and  from  a  cable  in  1907. 

The  gage  was  read  twice  daily  by  J.  P.  Samuelson  and  M.  Don- 
worth. 


Discharge  measurements  of  Kruzgamepa  River  at  outlet  of  Salmon  Lake,  190r>- 


Ar<»aof 

section. 


1906.  I 

June  23 ' 

June  29 

June  30 

JiUy9 1 

Do ' 

JiUy  10 

August  4 ; 

August  15 

August  25 1 

August  26 ' 

August  28 

6f  ptember  1 i 

Septenil)er  7, i 

S€ptem»>er  17 • 

September  21 ' 

September  23. ...  I 
September  24 


Mean  ^ 


Sq.  t. 
183 
170  , 
157 
431  ' 
412 
372  I 
117 
116 
148 
159 
184 
164 
127 
108 
336 
299 
269 


Ft.  per 
sec. 
2.32 
2.08 
2.01 
5.43 
5.09 
173 
1.81 
1.80 
2.11 
2.33 
2.49 
2.27 
1.95 
1.62 
4.61 
3.76 
a44 


Feet. 

1.22 

1.00 

.93 

3.18 

3.02 

2.68 

.38 

.37 

.70 

.80 

1.02 

.85 

.52 

.27 

2.38 

2.06 

1.80 


Dis- 
charge. 


Area  of    J^J«"  ,   (Itige  j    Dis- 
sectlon.^jjy       height. '  charge 


I 


Sec.'ft, 

425 

353 

315 

2,340 

2,094 

1,760 

212 

209 

312 

371 

458 

373 

248 

175 

1.546 

1,124 

925 


1007  ^-  P"* , 

^^^'            ,  Sq.ft.  sec.     I 

I  June  16 1  415  4.94 

June  17 367  4.47  i 

June  28 :  282  3.62  I 

I          Do I  270,  3.67 

i|  July  2 248  3.03  I 

July  4 i  220  2.58  I 

July  14 1  229  2.69 

I    August  2 149  2.04  I 

August  14 1  l^-W  1-86  ' 

,  August  23 '  174  I  2.52 

1    September  6 155  l  2.  13  i 

,    September  11.... i  362  I  4.20 

,    September  12. ... '  :«7  4. 01  i 

I,  Septeml)er  20. . . .  162  2.21  I 


1 


! 


I 


I 


Feet. 

Sec.-ft. 

2.97 

2.050 

2.56 

1,640 

1.88 

1.020 

1.78 

991 

1.56 

751 

1.30 

mi 

1.37 

616 

.65 

:m 

.39 

m 

.89 

438 

.68 

330 

2.52 

1,520 

2.19 

1.310 

.76 

;i.^>s 

Daily  gage  height  and  discharge  of  Kruzgaviepa  River  at  Salmon  Lake,  VJOG. 
[Drainage  area,  81  square  mlles.J 


Day. 


May. 


June. 


July. 


I        August.  Septenil>er. 


Ga^e 
lelght. 


Dis-    I   Gage 
charge,  height. 


Feet.  \Sec.'ft. 


Feet. 
3.05 
3.75 
3.90 
4.20 
3.75 
3.20 
2.45 


Dis-       Gage 
charge,  height. 


Sec.-ft. 
1,780 
2,270 
2,350 
2.520 
2.270 
1,920 
1,220 


Feet. 

0.82 

72 

.70 

.70 

.80 

1.10 

1.10 

1.92 

3. 06 

2.00 

2. 20 


I    Dis-    I   Gage       Dis- 
charge.'height,  charge. 


Sec.-ft. ; 
272 

241  : 

2.35 ; 

2.J5  I 
2(i5  I 
380  I 
380 
l,a30 
2.1;50 
1,040 
1,275 


Feet. 

0.48 
.42 
.38 
.36 
.38 
.38 
.40 
.40 
.40 
.30 
.35 


Gage 
height. 


Sec.-ft. 
2.19  , 

221  ! 
209  ■ 
203 
209 
209 
2lo 
215  , 
215  , 
203  I 
200  . 


_L 
I 
Feet.     Sec 
0.S0  I 
.81  , 
.74  I 
.69 
.05 
.60 
.53 
49 
.40 
.41 
.39 


Dis- 
charge. 


I 


-ff- 
387 
364 
330 
316 
:300 
280 
250 
242 
233 
218 
212 
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Ihtily  gage  height  and  dischargrtf/  Kruzgamepa  River  at  Salmon  Lake.  19<>6—Cm{miei\ 
iDruiimgo  anw»  81  square  miles.] 


12. 

13. 
14. 
15. 
16. 
17., 
18. 
19. 
». 
21. 
22. 
Zi. 
24. 
2S. 
20. 
27. 
28. 
2U. 
M. 


Day. 


May. 


June. 


July. 


I        August. 


SeptemWr 


Oaxe       Dis-       Oage       Dis-      Oase  i    Dis-   ■   Oage       Dis-       Gac«      Di^ 
beignt.  charge,  heignt.  charge,  heignt.  charge,  height,  charge  beignt.  Autp-. 


Feft.     8ee.-fl.     Feet.     See.-ft. 


■t- 


5.45  3.270 

5.00  I  3.000 

105  I  2.430 

3. 00  •  2. 180 


Mean \    2,720 

Run-off  per  square  I  .,»  f, 
mile f 

Run-off.  depth    in    i  .  ^ 

Inches.: ] *  "^ 

Run-off .  acre-feet !  21.fl00 


i.ao 

1.25 
1.20 
1.12 
1.10 
1.05 
1.02 
.92 


1.05 

"{% 

1.85 

985 

1.56 

768 

1.46 

702 

1.25 

582 

1.12 

511 

1.08 

400 

.98 

441 

.90 

405 

.82 

360 

3(» 
382 
369 
360 
:{28 
320 
288 
262 
245 


i  a  2, 050  I         ,-, 
1  *383  I ^'^ 

7.05 
. .   M3 


420 
442 
420 
388 
380 
360 
348 
306 


.82 
.85 
.82 
.80 
.72 
.70 
.62 
.55 
.50 


a25.3  1 
^4.73  I 

a«.5e  1 
^1.41 


Feet. 
a35 
.36 
.34 
.36 
.35 
.32 
.30 
.26 
.32 
■  39  , 
.42  I 
.66 

!70 
.76 
.90 
1.02 
1.05 
.99 
94 


See.-fi. 
200 

203 
197 
202 
200 
197 
185 
175 
191 
212 
221 
304 
324 
320 
344 
405 
460 
475 


250 
3.20 
3.09 


{?t;^} 35.>«>  »5.«n 


Feet.  Sf(M'. 

a  37  3» 

.34  K 

.31  1* 

.30  Iv 

.28  H 

.36  I" 

.27  I> 

,32  ioJ 

134  KM 

2.35  1.41' 

2.40  l.iV 

ill  l.I* 

l.Th  rt 

l.&i  7< 

1.38  uV 

1.22  :** 

1.08  ♦* 

.98  «: 

.88  *» 

4 V 

i.h 

27.111 


a  June  1  to  7. 


f>  June  23  to  30. 


Note.— The  channel  changed  during  the  high  water  of  July  9,  and  a  new  rating  table  was  useU  iiv' 
that  date.  The  discharges  of  May  28  to  June  7  are  based  on  measurements  which  show  a  low  vHtriiy 
protmbly  caused  by  backwater. 

Daily  gage  fieight  and  discharge  of  Kruzgamepa  River  at  Salmon  Lake,  1907. 
{Drainage  area.  81  square  miles.] 


Day. 


J  une. 


July. 


I 


§ 


~l 


Feet.   Sec.'ft. '  Feet.  Sec.-ft, 


1.70 
1.58 
.    1.44  I 
.'  1.28  I 
.    1.20  ' 
.    1.20 
.«1.60 
.«1.45 
.fll.40 
.lal.  35 

II «1.:« 


8. 
(». 
10. 


12. 
13. 
H. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
2,i. 
24. 


.  3.;« 

.,  2.99  I 
.    2.47 
.1  2.72  I 

.1  2.80 
.    2.32  I 
.    2.0«  1 
.'2.00 
.    2.08  ' 


2.3(» 
2.040 
1,530 
1,770 
2.070 
1.850 


aL25 
«1.30 
'  1.35 
1.26 
1.15 
1.10 
1.02 
1.00 
1.00 


1,J90  I  1.18  i 
1.180     1.18  , 


1,110 
1,180  I 


1.12 
1.08  ' 


875 
791 
006 

555 
555 
735 
702 
670 
040 
610 
582 
610 
640 
588 
528 
500 
460 
450 
450 
544 
544 
511 
490 


August. 


1 
I 


Feet. 

0.60 
.65 
.62 
.61 
.60 
.55 
.48 
.45 
.45 
.44 
.44 
.42 
.40 
.40 
.38 
.40 
.69 
.04 
.07 
.90 


♦* 

» 

■« 

at 

^ 

1 

P, 

iec.-ft. 

Feet. 

326 

1.14 

312 

1.00 

302 

.90 

298 

.82 

September.  I     October. 


.90 


295 
280 
250 
250 
250 
247 
247 
241 
235 
235 
220 
235 
326 
423 
436 
405 
307 
405 
401 
373 


I      62 

I    .71 

I  1.25 

12.50 

,2.26 

I  1.98 

1.59 

1.40 

1.26 

1.10 


.74 
.72 


.54 
.54 


Sec.-ft. 
,'»22 
450 
405 
373 
354 
340 
302 
289 
334 
582 
1.560 
1.330 
1.000 
798 
670  I 
588 
500  , 
441 

:«9  I 

344 
337 
:«2 
277 
277  . 


Feet.  Sec'f 
0.30         ^ 


.23 
.21 
.20 
19 


IS.' 
1> 


a  Estimated. 
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Dnilt/  tjaye  height  and  discharge  of  Knizgamepa  River  at  Salmon  Ijike,  1907 — Ooiitinii<»d. 


June. 


July. 


August.         S«pt4*mUT.        Octol>er. 


Day. 


I    O 


25., 

'2i*. 

27 

2S. 

29. 

30. 

31. 


Fret. 
'  2.22 
2.30 
2.28 
I  2. 12 
,  1.95 
I  1.78 


1,300 
1,370 
1,350 
1,210 
1,070 
935 


Feet. 
1.05 
1.02 
.98 
.80 
.72 
.62 
.60 


Mean 

Ran-off  per  muare  mile. . 
Run-off,  depth  in  inches. 
Run-off.  acre-feet 


1,480  I. 

18.3   . 

10.9   . 

47,000  '. 


*i     1 

A 

1 

1 

1 

1 

ft 

O 
Feet. 

Sec.-ft. 

4t5 

a  78 

460 

.80 

441 

.88 

365 

.84 

337 

.86 

302 

1.18 

295 

1.20 

I  i  t  j  i 
1 1 1 1 1 


XI 


358 
365 
397 
381 
389 
544 
555 


548  1 335 

6.77' 4.14 

7. 80  I I      4.77 

33,700  ' I  20,600 


o 

d 

O 

1      ^ 

Feet. 

0.&0 
.48 
.46 
.42 
.38 

Sec.-ft. 
265 
259 
253 
241 
229 
217 

Feet. 

See.-ft. 
1 

.34 

1 

477 

5.89 

'      6.57 

,28,400 


187 

2.31 

.43 

i,aw 


N'oTE.— The  datum  of  the  1907  gage  was  0.16  foot  higher  than  that  of  the  1906  gUge.  The  river  l)egan 
to  break  up  May  22, 1907.  The  dlachaige  increased  up  to  June  15,  which  was  the  maximum  of  the  season, 
and  w.^H  probably  as  great  during  the  first  half  of  June  as  during  the  last  half. 

CRATER   CREEK. 


Crater  Creek  is  the  first  large  tributary  entering  Knizgamepa  River 
from  the  north.  It  rises  in  moimtains  that  reach  an  elevation  of 
nearly  4,000  feet.  The  topography  and  general  character  of  its  basin 
closely  resemble  those  of  Grand  Central  River.  (See  p'.  38.)  It 
drains  many  small  lakes,  but  none  of  any  considerable  size.  This 
stream  has  good  possibilities  for  water-power  development.  Meas- 
urements were  made  at  an  elevation  of  about  550  feet. 

Should  developments  in  the  vicinity  of  Nome  ever  demand  it,  the 
water  of  Crater  Creek  could  be  diverted  over  the  divide  into  Eldorado 
River  by  about  8  miles  of  ditch  and  1.2  miles  of  siphon  across  Kniz- 
gamepa River,  none  of  which  would  be  under  a  pressure  of  more  than 
100  feet. 

IHscharge  nieanurements  of  Crater  (^reeJc,  J90(i-7. 
lElevatlon./ViOfeet.] 


Date  ;     ^^     i      ^'■- 

^^^-  height,      charge. 

1906.  Feet.      Sec-feet. 

Augusts 67 

Augnstl5 0.46;  57 

Aiipust27 1.30  290 

S«-ptemherl 71  '  110 

S*ptember8w ,          .45  '  55 

«>eptemberl6 1          .35  ,  39 


Date. 


1907. 

June  29 

July3 

July  15 

August  2 

August  23 

September  12 


Gage 
height. 

Dis- 

charge. 

Feet. 

Sec-feet. 

1.80 

217 

1.  55 

131 

1.5C. 

141 

1..34 

89 

\.m 

18.'. 

2.ori 

2« 

IRON    CREEK. 


Iron  CVeek  rises  in  an  area  of  limestone  and  schist  hills  of  no  great 
elevation  lying  between  Salmon  Lake  and  the  headwaters  of  Casade- 
paga  and  Eldorado  rivers.     It  is  formed  by  the  junction  of  Eldorado 
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and  Telegram  creeks.  Its  principal  tributaries  are  Discover^"  and 
Canyon  creeks,  botli  from  the  southwest.  The  portion  of  the  stream 
above  Discovery  Creek  is  sometimes  called  Dome  Creek.  Iron  Crefk 
empties  into  Kruzgamepa  River  about  12  miles  below  Salmon  Lake. 

Several  mines  are  being  worked  successfully  on  this  stream  and  it- 
tributaries.  During  1906  the  Gold  Beach  Development  Company 
built  a  ditch  13  miles  long,  which  diverts  water  from  Eldorado,  Dis- 
covery, and  Canyon  creeks,  for  use  on  Discovery,  No.  1 ,  and  No.  2 
claims  on  Iron  Creek. 

During  1907  gaging  stations  were  established  on  Dome  Creek 
below  the  junction  of  Eldorado  and  Telegram  creeks,  and  on  In^n 
Creek  below  the  mouth  of  Canyon  Creek.  The  gages  were  reaJ 
during  the  low-water  period  in  August  by  employees  of  the  Gold 
Beach  Development  Company. 

■.    Measurements  an  Iron  Creek  and  trihutarieK,  1906, 


Date. 

1 

Stream. 

Elevation.  ' 

DiseJuin?-- 

August  14 

1 

1  Iron  Creek 

f>rt,        1 
450 
425  t 
630  1 
630  1 
750  i 
750  ' 
740  1 

fSi 

700  1 

Set.-ffff 

So.ptemlwr  15. . 

August  14 

Scptcmlwr  16. . 

1 do 

«3f»  1 

i  Iron  (Dome)  Crwk.. 
do 

^. ........ 

6.U 

xO 

August  13     . . . 

1  Eldorado  Cnnjk . . . 

<j 

Septcnil>er  15. . 

...  .do 

."»  t"> 

August  13 

Discovery  Creek 

Sopteniber  15. . 

.do 

2.-^ 

August  13 

Canyon  Croek 

I.:5 

Sopteml)or  15.. 

1         do 

1.1 

1 

n  Below  Canyon  Creek. 

J)ischar</e  me<uturements  of  Dome  ami  Iron  creeks y  1907, 

DOME  CREEK. 

[Elevation,  6.30  fwt.] 


Date. 


August  1 

August  22 

SeptenilMT  IS. 


hSS^t.     'Di«h3r^. 


Feet,       \  Sec-ffft 
0.41  ,  > 

.48  ^ 

.37  .  22 


IKON  CHEEK  BELOW  CANYON  CREEK. 
i  Elevation,  450  feet.  1 


August  1 2-09  ' 

August  22 1  o  1. 50  , 

SeptemUT  10 \  a  i.  38 


«  New  gage. 
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Daily  gage  height  aivd  discharge  of  Donu  and  Iron  creeks,  August,  J 907. 


Dorao  Creek  j 
I  (drainage  ; 
I  area,  w  \ 
square  miles).! 


Iron  Creek 
below  Can- 
yon Creek 
(drainage 
area,  50 
square  miles) . 


Dome  Creek 

(drainage 

area,  20 

square  miles) 


Day. 


Day. 


1 

1  1 

Feet. 

0.40 
.39 
.38 
.37 
.34 
.31 
.30 

2 

3 

4 

5        ..            

(i 

8 

.27 

9 

.24 

10    

.22 

11 

20 

u 

5 


I 


if 


Sec. 


-ft. '  Feet.  I 
25     2.10 
24  I  2. 10  I 
23  ,  2. 10  ' 


22 

20  I 
18 

"  I 
15 
14  , 
13 
12 


2.10 
2.08 
2.08 
2.08 
2.05 
2.02 
2.00 
1.90 


Sec.-ft.  1 
52! 
52 
52  I 
52  I 
50 
50 
50 
47 
43 
41 
33 


12 

Feet. 
0.22 

13 

.26 

14 

.26 

15 

.28 

16 

.56 

17 

70 

Mean. 

1 

Run-off  per  square  , 
mile 1 

Run-off.  in  Inches 

5 


13 
15 
15 
16 
54 
101 


Iron  Creek 
below  Can- 
yon Creek 
(drainage 
area,  50 
square  miles ^. 


5 


Feet. ;  8ec.-/t. 
1.90  33 


1.90 
1.90 
2.00 
2.18 
2.45 


33 
33 
41 

62 
100 


24.5 


Note.— These  discharges  are  very  uncertain,  as  no  measurements  were  obtained  covering  the  low 
stage.s. 

MISCELLANEOUS   MEASUREMENTS. 

Slate  and  Willow  creeks  are  tributaries  of  Kruzgamepa  River  from 
the  south,  5  or  6  miles  below  Salmon  Lake.  Rock  Creek  is  a  branch 
of  Slate  Creek.  These  streams  will  be  tapped  at  an  elevation  of  about 
900  feet  by  a  ditch  which  is  being  built  to  work  ground  on  the  left  bank 
of  Iron  Creek.     Measurements  were  made  at  the  proposed  intakes. 

Pass,  Smith,  and  Grand  Union  creeks  rise  on  the  north  side  of  the 
Kigluaik  Mountains,  north  of  Grand  Central  River  and  Gold  Run. 
They  are  fed  by  the  melting  of  large  banks  of  snow  and  have  a  very 
steep  slope.  A  project  is  contemplated  for  bringing  their  waters  to 
Coffee  and  Dahl  creeks  by  means  of  a  pipe  line  about  18  miles  long 
across  the  flats  of  Kruzgamepa  and  Kuzitrin  rivers  to  Coffee  Dome. 

Miscellaneous  jneasurements  in  Krurgamepa  River  drainage  ba»in,  1907. 


Date. 

Stream. 

Elevation. 

Discharge. 

.July  29 

Do 

Pass  Creek 

Feet.          Sec. -feet. 
620                 18. 1 

Smith  Creek... 

890                 40 

Do 

Grand  Union  Creek. .. 

650 
900 
90t) 
900 

12.7 

SeptemJier  19 . . 
Do 

Willow  Creek..                      

3.3 

elate  Creek 

11.3 

Do 

Rock  Creek •     . 

9.0 

IMURUK  BASIN  DRAINAGE. 


The  following  measurements  were  made  on  streams  tributary  to 
Imuruk  Basin  to  determine  their  availability  and  value  for  water- 
power  development.  They  rise  on  the  northerly  slope  of  the  north- 
ernmost ridge  of  the  Kigluaik  Range  and  are  fed  by  large  banks  of 
perpetual  snow. 
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Mcasureitients  on  streams  tributary  to  Jmuruk  Basin,  190G. 


Date.                                              Stream.  I  Klcvation.    ^^^jlTf*^    Discb«rg«-- 

I I  *'^*-        _ 


September  5 . . . .  Fall  Creek . 


Do Glacier  Creek. 

Do I  Snow  Gulch... 


Feet,         Sq.  miUs.  Sec-fen. 
1,208  ^                 .5  2A 

1,212  ,  3  10 

1.212  2  9.7 


SINUK  RIVER  DRAINAGE  BASIN. 
GENERAL   DESCRIPTION. 

Sinuk  River  rises  on  the  southern  slope  of  the  Kigluaik  Range, 
adjacent  to  the  headwaters  of  Grand  Central  River  and  Thompson 
and  Buffalo  creeks.  It  flows  in  a  southwesterly  direction,  entering 
Bering  Sea  near  Cape  Rodney.  The  upper  portion  of  its  drainage 
basin  is  mountainous,  the  greater  part  of  it  having  an  elevation  of 
over  1,000  feet.  The  upper  valley  contains  a  large  amount  of  glacial 
debris  and  rock  slide.  Below  the  mouth  of  Stewart  River,  which 
is  the  principal  tributary,  the  valley  widens  out  and  is  almost  flat. 
The  principal  tributaries  to  the  upper  stream  are  Windy  Creek  and 
the  outlet  of  Glacial  Lake  from  the  north  and  Stewart  River  from 
the  south. 

During  1906  only  a  few  measurements  were  made  and  no  daily 
discharge  has  been  computed.  A  fair  estimate  of  the  weekly  flow 
is  given  on  page  72.  During  1907  more  measurements  were  made 
and  additional  gage  readings  obtained. 

Three  plans  by  which  the  water  from  this  drainage  basin  could 
be  brought  into  the  Nome  River  Valley  are  outlined  in  Water-Supply 
Paper  No.  196,  pages  38-40.  The  development  of  such  projects 
would  be  very  expensive  on  account  of  the  rocky  nature  of  the 
ground  in  the  Sinuk  drainage  basin  and  the  great  length  of  ditch 
required.  The  Grand  Central  River  and  its  tributaries,  with  their 
low-water  flow  reenforced  by  storage,,  will  probably  furnish  as  much 
additional  wat6r  supply  as  the  development  of  the  Nome  region  ^ill 
require,  and  at  a  smaller  cost  than  that  at  which  it  could  be  obtained 
from  Sinuk  River  and  Windy  Creek.  If  a  large 'body  of  ground 
adapted  to  hydraulic  mining  should  be  discovered  in  the  Sinuk  Basin 
itself,  the  river  will  furnish  a  good  supply  of  water  at  a  high  level. 

UPPER   SINUK   RIVER. 

The  gagings  on  the  upper  Sinuk  during  1906  and  prior  to  August, 
1907,  were  made  at  an  elevation  of  770  feet,  and  show  the  probable 
water  supply  which  could  be  diverted  into  Nome  River.  During 
August  and  September,  1907,  the  gaging  station  was  located  about 
li  miles  farther  downstream,  at  an  elevation  of  about  700  feet. 
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Discharge  Tneantremmts  of  upper  Sinuk  Rivtr,  1906. 
[Elevation,  770  foct;  drainagvi  anui,  ti.2  square  iiiilos.] 


Day. 


1.. 

2.. 

3.. 

4.. 

5.. 

tt.. 

7. . 

8.. 

9. 
10. 
11., 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19, 


Dato. 


Discharge. 


Sec-feet. 

June  27 '  33 

Julv  « 37 

July  20 36 


Date. 


August  3.. 
August  10. 


Dischaige. 


Sec.'feet. 
20 
23.5 


Daily  gage  heighi  and  discharge  of  upper  Sinuk  River ^  1907. 
I  Elevation,  700  feet;  drainage  area,  8.2  square  mtles.a] 


I  July.        August.     '  Septeml)er. 


I  July.  I      August.     I  September. 


I    1 


Sec.-ft.\  leet. 
bio 


60   . 

54   . 

40    . 

48  . 
652    . 

46  . 
.     42 

42    . 

60  '. 

80  j. 

70  ; 
6  75  :. 

62  . 

52  . 

44  . 

40  . 
50 
60 


I 


1.49 


f! 


I 


Day. 


I 


as 

I 


I 


Sec.-ft. 
36 
35 
34 
31 
29 
26 
24 

C26 
25 
25 
24 

<i24 
24 
24 
22 
60 

100 
82  , 

c70 


Feet. 

'"t 

20 

1.38 

di6 

21 

40 

22 

60 

23 

40 

24 

d33 

25 

30 

26 

28 

27 

M) 

28 

IGO 

2!) *. 

114 

90 

30 

31 

75 

1.48 

f65 

Moan  .... 

58 

Run-off       Dor 
square  mflo . . 

52 

46 

Run-off.  depth 

1.41 

Ml  , 

in  inches 

Sec.-ft.  Feet.  Sec.-ft.  Feet.  Sec.-ft. 


80 
100 

60 

56 

48 

42 

38 
636 

29 
124        I 
'  28 

32       ' 

.    52.3    , 

8.44 


46 
54 
54 
1.34  d37 

34 

32 

50 
62 
f55 
80 
100 
70 


I  1.21 


32 
24 
«7 


1.40 


j  45.0 
5.49 


35 


53.7 
6.55 


5.36 


«  Elevation,  770  foct,  and  draina^  area,  0.2  squiiro  milos  during  July. 
b  Measurement  at  elevation,  770  leet. 
e  Measurement  at  elevation.  700  feet, 
d  Computed  from  gage  reading. 
•  Estimated;  slush  ice  running. 

Note.— Other  dischaiges  were  obtained  by  plotting  a  hydrogiaph  passing  through  the  known  points 
and  following  the  rise  and  fall  of  Nome  and  Grand  Central  riven«. 


WINDY    CREEK. 

Windy  Creek,  the  first  large  tributary  of  Sinuk  River,  lies  between 
the  main  ridge  of  the  Kigluaik  Mountains  and  the  headwaters  of  the 
Sinuk.  It  adjoins  West  Fork  of  Grand  Central  River,  from  which 
it  may  be  reached  by  crossing  a  high  divide.  The  topography  is  very 
rough,  the  creek  being  entirely  lost  in  some  places  in  the  large  bowl- 
ders which  form  its  bed. 
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WATER   SUPPLY   IN    ALASKA,   1906-1901. 
Discharge  vieasurenients  of  Wimiy  Creek,  1906. 


Date. 


Elevation  I 

at  point  of   Digchanre 
measure-  i  ^'sca^rge. 

ment.      I 


Date. 


June  21. 
June  27. 
July  13. 
July  20. 


Feet. 

1,000 

1,100 

odSO 

650 


Sec.'ft. 
49 
17 
114 

48 


Augusts 

August  10 

September  6. 


Elevation 
at  point  of 
measure- 
ment.     I 


Feet. 
650 


650 


I 


DiachaiSP- 


Scc.-ft, 

32 

6.C 


a  Drainage  area,  12  square  miles. 


6  Estimated. 


Daily  gage  height  and  discharge  of  Windy  Creek,  1907. 
[Elevation.  650  feet;  drainage  area.  12  square  miles.] 


J 

1 

Feet. 
1.36 

uly.       1     August.     1  Sept 

'  &    t '  i  ^  t 

^  i '  i  1  ■  '§ 

Sec.-ft.  Feet.  Sec.-ft.  Feet. 

96  ".V.'.V.l      56  'i.is 

1        90    52  1 

100  ' ]        50    

112    1        42  1 

120    34     1.05 

>      116    1        32    

1      114  1  1.01  1      635    

120  1 ,      34 ; 

,      130    '        34  1 

1      140    32  1 

125      1.00  1      a33    

1    6128    33  ' 

105    33  .  1.20 

85    32  1 

j        74    ,        90 

'        66    1      12.5  1 

70  , 100  '  1.08 

80  '  1.21  1      688  1 

ember.  | 

July. 

t  1 
ill 

Feet.  Sec.-ft. 

100 

130 

Am 

'i 

1 

Feet. 

i.oe" 
i'.u 



jnst. 

*i 

Q 

Sec.-ft. 

60 

70 

72 
a45 

42 

40 

68 

80 
670 

90 
120 

82 

September. 

Day. 

1                :' 

1     §     1     Days. 

1  ■   1 

1:    1 

O     1      ^ 

2    ... 

\Sec.-ft.  \ 

72  !|  20 

a  67      21 

Feet.  Sec.-ft. 

40 

I     30 

3 

56  l|  22 80 

<-15 

4. 

64  1  23 76 

'        54  l|24 1 '72 

1     a43  1  25 68 

'        38    |26 1 60 

1        36  1  27 '  1.13    657 

1        80    |28 1  48 

1      200  |!29 1 1  40 

1      140  '|30 1 50 

110  ,1  31 1  56 

5 

1 

6 

7 

8 

9 

10 

' 

11    .      . 

12 

13 

14 

1.36 

90  1' 
a  79                Mes 

m  ....1  91.5 

59.2 
4.93 
5.68 

1    68.1 

15 

70  h  Run-ofI      per 

64  1      square  mile..j    7.62 

56  1   Run-off.  depth 

1     0  50  "      In  inches  ....1    8.78 
'        45  |< 

16 

5. 68 

17 

; 

18 

1       4.65 

19 

■ 

1              i 

1 

■  o  Computed  from  gage  reading.  6  Measurements.  e  Estimated;  slush  ice  running. 

Note.— Other  discharges  were  obtained  in  the  same  manner  as  those  of  Sinuk  River. 

NORTH    STAR   CREEK. 


North  Star  Creek  lies  between  Sinuk  River  and  .Windy  CVeek,  and 
is  a  tributary  to  the  latter  near  its  mouth.  It  is  a  small  stream  with 
a  steep  slope. 

Discharge  incasuremcnts  of  North  Star  Creek,  1906. 
[Elevation,  000  feet;  drainage  area,  2.3  square  miles.] 


Date. 


June  27. 
Julv6.. 
July  13. 


Discharge. 


Sec.-ft. 
9.8 
18  1 
16.4 


July  20..-. 
August  3. . 
August  10. 


Date. 


Discharge. 


8ec.-ft. 


a9 

ao 

2.9 
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Daily  gage  height  and  discharge  oj  North  Star  CWek,  VJ()7. 
[Elevation.  900  feet;  drainage  area.  2.3  squart^  miles.] 


l>ay. 

J 

1 

c 

Feet. 
.    1.36 

uly. 

1  ~ 

>  % 

;i 

Sec.'ft. 

1     a28 

20 

1        16 

;  "15 

i        H 
16 
20 

1     ul 

'        li 

'        10 
1        13 

1    '' 

August. 

M 

Feet.  Sec.-ft. 
7 

'.WW:    6 

::::::i  I 

,      4 

0. 94  1  "  4. 8 

5 

i      5 

h 

.97  1    '>5.3 

0 

5 

5 

'     15 

1    25 

16 

1.10  1  "8.3 

Sept€ 

+* 

1 

O 

Feet. 
a' 92' 

i.os 
i.oo' 

mber. 

V 

ce 

.^ 

Sec^-ft. 

M.5 

4 

7 

6 
l>4.8 

4 

4 

4 

40 
30 
20 
14 
47.8 

7 

7 

6 
fr5.7 

5 

Day. 

20 

21 

!  22 

23 

24 

25 

26 

Jl 

1 

i 

Feet. 

ily. 

1 

Scc.-ft. 

24 

30 

20 
1  16 

13 

'    5 
6 

'  14.8 

'    6.43 

'    7.41 

1 

August. 

i'  i 

11 

Feet.  Sec.-ft. 

7 

8 

8 

97     6. '5.2 

5 

4 

1    8 

12 

1.13    fl9.1 

14 

20 

.^•|io 

8. 3 

3.(51 

'     4.16 

SepU 

1 
1 

C 
'  Feet. 

inilwr. 

1 

Sec.-ft. 
3 

3 

c2.0 

4 

.r 

k\ 

.    1.26 

1 

..   .. 

>*     . 

27 1.03 

28 

29 

30 

31 

Mean.... 

Run-ofl      per 

1      square  mile.. 

.  Run-olT,  depth 

in  inches 

\\ 

10 



:i    



12 

1.^ 

14 

i:, 

.,  1.33 

8.9 

Hi 

IT.   ... 

3.87 

IS 

j'l 

3.16 

a  Mea.su rcments.  &  Computed  from  gage  reading.  c  Estimate<l  isiiish  ice  running. 

X«»TE.— Other  discharges  were  obtained  in  the  same  manner  as  those  of  Sinulc  Hlver. 

STEWART    RIVER. 

Stewart  River  lies  south  of  upper  Sinuk  River,  to  which  it  is  tribu- 
tary. It  drains  an  area  of  hmestone  and  schist  hills.  The  flow  is 
.small  and  the  stream  of  minor  importance. 

Discharge  measurements  of  Stewart  River,  1906. 
[Elevation,  400  feet.] 


Date. 


{  Discharge. 


I 


Julv  15. 
July  17. 


Sec.-ft. 


Date. 


July ;».... 
August  19. 


Discharge. 


Sec.-ft. 
0  26 
11.4 


o  Estimated. 


SLATE    CREEK. 

Slate  Creek  is  the  second  tributary"  to  Stewart  River  from  the  nort h. 
The  following  measurements  give  approximately  the  flow  that  can 
be  diverted  into  Nome  River  over  Divide  Creek: 

Discharge  measurements  of  Slate  ( 'reek,  lUOfy. 
[Elevation,  700  feet;  drainage  area,  2.1  square  miles.] 


Date. 

Discharge. 

Sec-ft. 
6.7 
4.4 

Julv  iO 

Date. 

Discharge. 

■T'lly  15. . . 

Scc.-ft. 

2  8 

July  17 ". 

August  19 

2.2 
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OTHER   SINUK   RIVER  DRAINAGE. 

For  measuremeiiis  on  Josie,  Irene,  and  Jessie  creeks,  wliich  are 
small  tributaries  of  Stewart  River,  see  **Cedric  ditch." 

CRIPPLE  RIVER  DRAINAGE  BASIN. 
GENERAL  DESCRIPTION. 

Cripple  River  enters  Bering  Sea  about  12  miles  west  of  Nome,  and 
drains  an  area  of  about  88  square  rniles.  As  yet  but  little,  mining 
has  been  done  in  this  section,  except  in  the  vicinity  of  Oregon  and 
Hungry  creeks.  Some  small  ditches  have  been  constructed  at  the 
headwaters  of  Cripple  River,  the  principal  one  being  the  Cedric, 
which  diverts  water  from  the  Stewart  River  drainage  area. 

CEDRIC   DITCH. 

GENERAL   DESCRIPTION. 

The  Cedric  ditch  was  built  in  1905  to  divert  water  from  Josie  and 
Jessie  creeks  (tributary  to  Stewart  River)  over  the  divide  to  the 
Cripple  River  basin  for  use  on  Oregon,  Hungry,  Trilby,  and  Xugget 
creeks.  After  passing  the  divide  it  picks  up  water  from  upper  Oregon 
(two  forks),  Slate,  and  Aurora  creeks,  which  are  its  principal  feeders, 
and  from  Daisy  Swift  Creek,  Snowshoe  Gulch,  and  three  other  small 
gulches.  It  has  a  total  length  of  about  19  miles  and  a  width  of  4  to  S 
feet.  The  elevation  cf  the  head  is  about  870  feet  and  of  the  outlet 
790  feet.  The  capacity  of  the  lower  half  is  about  25  second-feet. 
Water  is  carried  across  Oregon  Creek  near  the  outlet  by  a  syphon 
2,970  feet  long,  of  30-inch  riveted  steel  pipe.  There  are  about  6  miles 
of  distributing  ditches  at  the  lower  end. 

The  following  measurements  were  made  to  determine  the  amount 
of  water  available  for  the  ditch : 

Water  available  for  Cedric  ditch,  1906-7. 


Stream. 

July 
,     Set 

15-17. 

3.0 

1.0 

53.2 

66.8 

4.0 

4.8 

.5 

1906. 
July  30^1. 

Augu 

1907. 

St  19. 

.\UgU8t  31. 

Josic  Creok 

Scc.-/f. 
1.5 
«  8 
2.6 
2.6 
2.0 
2.1 

Sec 

1:. 

«.4 
.6 

Sec^t. 

Irene  Creek 

o.j.n 

Jessie  Creek 

a.li) 

Upper  Oregon  Creek 
Slato  Creek 

aXj 

3,1 

Aurora  Creek 

2.4 

Daisy  Swift  Creek. . . 

for  ditch  . 

1 

Total  available 

18.3 

11.6 

17  0 

1 

aEstlmated. 

^Measured  l)elow  ditch  level;  only  about  half  this  amount  is  available  for  the  ditch. 
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Seepage  measurements  on  Cedric  ditchj  1906. 


Date. 


July  30 1  Below  upperpreson  Creek. 


Do. 
July  31.. 
Do. 
Do. 
Do. 
Do. 


Do '  Above  Skte  Creek 


Below  Slate  Creek. 

.\bove  Aucora  Creek 

Below  Aurora  Creek 

Above  Daisy  Swift  Creek. 
Below  Daisy  Swift  Creek. . 
At  penstock 


Dis- 
charge. 

Loss. 

Dis- 
tance. 

Loss  per 
mile. 

1.9 
3.9 
3.1 
&2 
4.7 
4.5 
2.5 

Sec.-fl. 

Miles. 

Sec.'ft. 

0.7 

2.3 

0.3 

.8 

■    1.8 

.4 

.5 

.2 

2.0 

2.6 

.6 

3.7 

.25 

.3 

.5 

4.2 

10.4 

.4 

• 

CEDRIC    DITCH    ABOVE    PENSTOCK. 


This  station  was  established  to  determine  the  total  flow  of  the  ditch. 
The  gage  was  located  just  above  the  penstock  of  the  siphon  across 
Oregon  Creek.  Part  of  the  water  was  used  in  a  giant  connected  with 
the  bottom  of  the  siphon  and  part  was  used  for  hydrauUcking  about 
one-fourth  mile  above  the  siphon. 

Discharge  measurements  of  Cedric  ditch  above  penstock ^  1907. 


Date. 


July  22 

August  30 

August  31 

September  19. 


Above  penstock,        I     ,    ^ 

I  Discharge 

[  to  upper 
Dischaiigc.       giant. 


Feet. 

aso 

.78 
.76 
.10 


Src.'ft. 

las 

8.6 
7.9  ■ 
0 


Sfc.-ft. 


I 


3.0 
4.4 
6.0 


Daily  gage  height  and  discharge  of  Cedric  ditch  above  penstock,  1907. 


Day. 


1 

F«r. 

Sec'ft. 

2 

3 

4 

5 

6 

7 

8 

9   

; 

10 

11     

12 

13     .  .  . 

14 

15      

16 

17 1 

Feet. 

1.00 

LQ2 

1,02 

LOS 

.95 

.88 

.fiO 

.92 

.90 

.90 

.88 

.90 

.95 

.98 

.98 

1.05 

L05 


8ec.-ft. 

lai 
ia5 
ia5 

14.0 
12.2 
10.8 
9.3 
11.6 
11.2 
11.2 
10.8 
11.2 
12.2 
12.7 
12.7 
14.0 
14.0 


Feet.  I  Sec.'ft.  \ 


0.95  I 

.85  ' 

.98 

.88  ' 

.95 

.05 

.98 

.95 

1.05 

1.20 

1.25 

1.15 

L05, 

1.02  I 

LIO 

1.02  I 

1.05 


12.2 

10.2  I 

12.7 

10.8 

12.2 

12.2 

12.7  I 

12.  2  , 

14.0  , 

16.  9  I 

17.8 

16.0 

14.0, 

13.5 

15.0 

13.5 

14.0  , 


Mean  J 


July. 

August. 

September. 

Gage  height.  ' 
Discharge. 

Gage  height. 
Discharge. 

i 

1 

Discharge. 

Gage  height. 
Discharge. 

Day. 

August.       Septenil)er. 


Feet. 

Sec.'ft: 

18 



19 

::::::i..::::.i 

20                

21 



22 

0.80 

9.3  1 

2.3 

.88 

10.8  1 

24 

1.00 

13.1 

25 

.98 

12.7  ' 

26 

1.00 

13.1 

27 

.90 

11.2 ; 

28 

.88 

10.8 

29 

1.00 

13,1 

;:0 

1.10 

15.0 

31 

1.05 

14.0 

Feet. 

1.08 

1.15 

l.OS 

1.10 

1.10 

.95 

.05 

1.05 

l.*20 

1.10 

1.05 

1.00 

.K5 

.^0 


^ 
.§ 


_l 


5 


Sec.'ft. 
14.6 
16.0 
14.6  ' 
15.0 
15.0 
12.2 
1*1 2 
14.0 
16.9 
15.0 
14.0 
13.1 
10.2 
9.3 


I 


Feet.  Sec.-ft. 

LOS  I  14.0 

, 0 

0 

0 

;  0 

.65  '  6.6 

.  (W  I  7. 1 

.m  I  5.7 

.f»  I  5.7 

.62  !  6.1 

.  5S  5.  4 

.  52  I  4.  5 

.50'  4.2 


12.9 


0.0 


35283— IBR  218—08 5 
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WATER  SUPPLY  IN   ALASKA,  1906-1907. 


PENNY  RIVER  DRAINAGE  BASIN. 


GENERAL   DESCRIPTION. 


Penny  River  rises  about  13  miles  from  the  seacoast  and  enters 
Bering  Sea  about  10  miles  west  of  Nome.  Its  basin  lies  between 
Snake  and  Cripple  rivers  and  has  a  total  area  6f  36  square  miles. 
Two  ditches  have  been  built  by  the  United  Mining  Company.  The 
Sutton  ditch  has  its  intake  one-half  mile  above  the  mouth  of  Willow 
Creek  and  extends  about  6  miles  to  a  point  near  the  mouth  of  Jess 
Creek.  The  water  is  used  for  hydrauhcking  on  the  second  beach  line, 
which  lies  about  1,200  feet  bac^:  of  the  present  beach.  The  Highline 
ditch,  uncompleted,  has  its  intake  7  miles  above  the  Sutton  ditch  and 
will  extend  to  Sunset  Creek,  a  distance  of  about  11  miles.  The  water 
is  carried  across  Honey  Creek  in  a  pipe  Une  2,000  feet  long. 

PENNY   RIVER   AT   SUTTON    INTAKE    AND   SLTTON   DITCH. 

Gaging  stations  were  estabhshed  on  Sutton  ditch  and  Penny  River 
just  below  the  ditch  intake,  and  th6  sum  of  the  discharges  gives  the 
natural  flow  of  the  river  at  this  point.  The  gages  were  read  by 
employees  of  the  United  Mining  Company. 

Discharge  vicasurements  of  Penny  River  and  Sutton  ditch  at  intake,  1906-7. 
PENNY  RIVER. 


Date. 


August  1 . 


1906. 


Gage 
height. 

Feet. 


Discharge. 


I     Sec.-ft. 
J  11.2 


July  4. 


1.11 


Date, 


I  1907. 

'  July  4 

I  July  22 

I  September  1  . . , 


Gage 
height. 


Discbai?**- 


I      Feet.  Sec.'ft. 

.R2  12.6 

1.30  '  42 

J  .99  lar* 


I 


SUTTON  DITCH. 


August  I . 


1906. 


July  4. 


1907. 


1.20 


1907. 

I  July  4 

I  July  22 

I  September  1  . . , 


1.49  , 
1.11 
L32  I 


44 
3S 
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Daily  gage  height  and  discharge  of  Penny  River  and  Sutton  ditch  at  intakey  1907. 


R 

July. 

August. 

September. 

Iver. 

Ditch. 

River. 

Ditch. 

f  1 
i  1 

River. 

Ditch. 

Day. 

i 

c 

1 

! 

1 

t 
1 

0 

i 

1 

Feet. 
1.0 
1.0 
1.0 
1.0 
.9 
.9 
.9 
.9 
1.0 
2.1 
1.8 
1.6 
1.0 
1.0 
1.8 
1.8 
1.7 
1.3 
1  3 
1.3 
1.3 
1.2 
1.1 
1.1 
1.1 
1.1 
1.0 
.9 
.9 
.8 

j 

i 

0 

1 

1 

Feet. 

Sec.'ft. 
71 
56 
41 
28 
26 
44 
152 
79 
44 
44 
44 
34 
55 
67 
34 
34 
34 
34 
67' 
44 
67 
44 
34 
55 
55 
79 
67 
67 
55 
67 
79 

Feet. 

i.i" 

1.2 

1.25 

1.2 

1.2 

1.25 

1:2 

1.2 

1.2 

1.2 

1.2 

1.1 

1.1 

1  1 

1.1 

1.1 

1.1 

1  1 

1.1 

1.1 

1.1 

1.0 

1.0 

1.0 

1.0 

.9 

.8 

.7 

Sec.-fl. 
29 
29 
29 
29 
29 
32 
29 
29 
32 
20 
29 
29 
29 
29 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
18 
18 
18 
18 
13 

9 

6 

Feet. 


"i.'e" 
1.4 
1.1 
1.1 

.8 

.8 

.7 

.7 

.7 

.6 

1.4 

1.2 

1.1 

.9 

.8 

1.0 

.9 

.8 

.8 

1.0 

1.3 

1.3 

1.3 

1.2 

1.2 

1.1 

85 

85 
79 
55 
26 
26 
10 
10 
7 
7 
7 
4 
55 
34 
26 
14 
10 
19 
14 
10 
10 
19 
44 
44 
44 
34 
34 
26 

Feet. 

o.'s"' 

.8 
1.0 
1.0 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.25 
1.3 
1.25 
1.25 
1.3 
1.3 
1.5 
1.2 
1.2 
1  2 
1.2 
1.2 
.1.2 

Sec.'ft. 
0 
0 

I 

0 

0 

9 
18 
18 
29 
29 
29 
29 
29 
29 
29 
29 
29 
32 
35 
32 
32 

a5 

35 
47 
29 
29 
20 
29 
29 
29 

Sec.-ft. 
19 
19 
19 
19 
14 
14 
14 
14 
19 
HO 

la-} 

79 

19 

19 
103 
103 

91 

44 

44 

44 

44 

34 

26 

26 

26 

26 

19 

14 

14 

10 

Feet. 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1  3 
1.3 
.5 
.5 
.8 
1.3 
1  3 
1.3 

l.i 

1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 

'"t 

2                           1 

35 

3 

35 

4 

1.1 
1.1 
1.3 
2.2 
1.6 
1.3 
1.3 
1.3 
1.2 
1.4 
1.5 
1.2 
1.2 
1.2 
1.2 
1.5 
1.3 
1.5 
1.3 
1.2 
1.4 
1.4 
1.6 
1.5 
1.5 
1.4 
1.5 
1.6 

35 

5 

35 

6 

35 

35 

s 

35 

9 

35 

10 

35 

u 

35 

12 

35 

13              

35 

14 

35 

1,5          

0 

16 

0 

17      

9 

18 

35 

Ifi 

35 

20 

35 

21 

35 

22 

35 

23 

35 

24 

35 

25 

35 

2*) 

35 

nr 

35 

28 

35 

29  .             

35 

:» 

35 

31 

Mean 

54.8 

23.9 

35.3       

23.8 

33.9 

31.8 

MontMy  discharge  of  Penny  River  at  Sutton  intake,  1907. 
(DUilnage  area,  19  square  miles.] 


Discharge  In  second-feet. 

Run-off. 

Month. 

Maximum. 

Minimum. 

Mean. 

Sec.-ft.  per 
sq.  mile. 

4.14 
3.11 

.1  7i 

Depth  In 
inches. 

July 

181 
88 
175 

55 
33 

4.1^ 

78.7 
59.0 
71.1 

4.77 

Aug'ust ' 

3.58 

September 

4.17 

Wdays       

181  1                XH 

60. 6  :            .l.fifi  1         12.  .w 



Note.— These  values  are  the  sum  of  the  discharges  of  Sutton  ditch  and  of  Tenny  River  below  the 
dilch  intake. 


Discharge  measurements  of  Penny  River  at  HigMine  intake,  1906-7. 

Date. 

Dischaige. 

Per  cent 

of  Sutton 

Intake. 

Date. 

Discharge. 

Per  cent 
of  Sutton 
intake. 

1906. 
August  1 

Sec.'ft. 
7.8 

22 

1907. 
July  22 

Sec.-ft. 
15.9 
15.6 

24 

August  30 

28 
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WATER  SUPPLY  IN   ALASKA^  1906-1907. 
SNAKE  RIVER  DRAINAGE  BASIN. 


GENERAL   DESCRIPTION. 

Snake  River  empties  into  Bering  Sea  at  Nome.  It  has  a  draina^re 
area  of  110  sc}uare  miles,  which  contains  some  of  the  richest  minJTiR: 
ground  in  Seward  Peninsula,  notably  the  claims  on  Glacier,  Anvil,  anu 
Little  creeks.  Owing  to  its  slight  fall  the  use  of  the  main  stream  for 
mining  purposes  is  limited  to  ground  sluicing.  All  the  available  wat<»r 
from  its  tributaries  is  being  used,  and  water  is  diverted  into  this  area 
by  the  Miocene  ditch,  the  Seward  ditch,  and  the  Nome  River  ditch  of 
the  Pioneer  Mining  Company. 


SNAKE   RIVER   ABOVE   GLACIER   CREEK. 

A  station  was  established  June  25,  1907,  just  above  the  mouth  of 
Glacier  Creek,  to  determine  the  discharge  of  this  stream  and  the  rela- 
tion of  the  run-off  from  its  drainage  basin  to  that  from  areas  in  and 
near  the  Kigluaik  Mountains.  The  run-off  per  square  mile  during  the 
period  covered  by  the  records  was  56  per  cent  of  that  of  Nome 
River  and  38  per  cent  of  that  of  Kruzgamepa  River. 

The  gage  was  read  by  A.  H.  Clambey. 


Discharge  measurements  of  Snake  River  above  Glacier  Creek,  1907. 


Date. 


June  25 
July  3.. 
July  20. 


Gage 
height 


Feet. 
1.88 
1.20 
1.13 


Discharge. 


Date. 


Sec.'fl.     , 

527  August  10.... 
168  Septembers. 
147   I 


Gage 
height. 

Feet. 
.89 
1.01 


iPUcbargis. 


Ser.-/l. 


112 


Daily  gage  height  and  discharge  of  Snake  River  above  Glacier  Creek j  1907. 
[Drainage  area,  09  square  miles.] 


I  June. 


Day. 


July. 


Gage       Dis-      Gage 
height.  I  charge,  height. 


Dis- 
charge. 


1 

1  Feet.    Sec. -ft. 
1 

2 ' 

3.  ..  .  .  • 1 

4         ::::::::::::::.:::.:.::....:::::::::; 

5 1 

«     ' 

7::::::::::::::::::::::::.::::::.:::...:::.:::::::::: 

8  .     

9 

10 ' 1 

11 

12 

13                

14 

15 

16 ' 

17             ..       

18 ' 

19  

20 .' ' 

21     

22 ' 

23 ' 1 

24 1 1 

Feet. 
1.35 
1.30 
1.25 
1.18 
1.22 
1.32 
1.50 
1.35 
1.25 
1.25 
1.28 
1.25 
1.20 
1.20 
1.18 
1.10 
1.12 
1.10 
1.18 
1.18 
1.20 
1.18 
1.16 
1.22 


August. 


September. 


Gage      Dis-    |   Gage  |    INs- 
height.  charge,  height.  ,charge. 


Sec.'ft. 
235 
212 
191 
163 
178 
221 
308 
235 
191 
191 
204 
191  ' 
170  I 
170 
163  I 
135 
142 
135 
163 
163 
170  1 
163  I 
156  I 
178  . 


Feet. 
1.05 
1.02 
1.00 
1.00 
.96 
.95 
.96 
.94 
.02 
.92 
.91 
.90 
.96 
.97 
.90 
1.04 
1.10 
1.10 
1.06 
1.00 
1.05 
1.01 
.09 
1.00 


111 
105 
105 

94 

91 

94 

89 

83 

83 

80 

77 

99 ; 

77  , 
117 
135 
135 
120 
105 
120 
lOB 

103 ; 

105  1 


Feet. 
1.06 
1.05 
1.05 
1.05 
1.04 
1.03 
1.02 
1.08 
1.06 
1.15 
L90 
1.68 
1  52 
1.47 
1.50 


Sec.'ft- 
1** 
12n 

120 
12D 

117 
114 
111 
129 
129 

is: 

540 
4lK 
3l*« 
20 
3UK 
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FLAMBEAU,  SLDOBADO,   AND   SOLOMON   DRAINAGE   BASINS.       69 
I>aily  gage  height  and  discharge  of  Snake  River  above  Glacier  Creek,  7907— Continued. 


25. 

27. 
•38. 
29. 
30. 
31. 


Day. 


June. 


Gaffe 
,  height. 


Feet. 
1.90 
1,85 
1.80 
1.55 
1.45 
1.40 


Dl8- 

I  charge. 

510 
480  I 
335 
283 
258 


Mean 401 

Run-off  per  square  mile 6. 81 

Hun-off,  depth  in  inches 1 1.30  j 


July. 

Gage  j    Dis- 
height.j  chaige. 

I 
Feet.  ISee.'ft. 

1.30  212 

1. 22  178 

1. 18  163 

1. 12  142 

1.06  ,  120 

1.06  129 

1.05  I  120 

1      2.56 

2.95 


August. 


Gage  I    Dis- 
heignt.:  charge. 


September. 


Gflge 
height. 


Dis- 
charge. 


Feet.   I 
1.02 
1.08 
1.10  I 
1.10  > 
1.10 
1.10 
1.08 


Sec.'/l. 
Ill 
129 
135 
135 
135 
135 
129 


Feet.    I  Sec.-ft, 


108  I. 
1.56  i. 
1.80  I. 


207 
3.00 
1.67 


FLAMBEAU  AND  ELDORADO  RIVER  DRAINAGE  BASINS. 

Flambeau  and  Eldorado  rivers  rise  near  Salmon  Lake  and  flow  in  a 
southerly  direction  to  Bering  Sea  near  Cape  Nome. 

The  Flambeau  Hastings  ditch  has  its  intake  on  the  upper  fork  of 
Flambeau  River  and  is  to  be  built  to  Hastings  Creek,  near  Cape  Nome. 
Another  ditch  to  Hastings  Creek  is  projected,  which  will  divert  the 
water  to  Eldorado  River  below  Venetia  Creek,  and  will  have  a  length 
of  over  30  miles.  The  following  measurements  were  made  at  the 
proposed  intake  of  this  ditch:  August  14,  1906,  44  second  feet;  Sep- 
tember 17,  1907,  225  second  feet. 

SOLOMON  RIVER  DRAINAGE  BASiN. 

Solomon  River  empties  into  Bering  Sea  at  Solomon,  40  miles  east 
of  Nome.  This  stream  has  been  a  good  producer  of  gold,  and  sev- 
eral ditches  have  been  built  to  utilize  its  water  and  that  of  its  tribu- 
taries, including  the  East  Fork  ditch  of  the  Solomon  River  Hydraulic 
Company,  the  Midnight  Sun  ditch  from  Big  Hurrah  Creek,  the  Brogan 
ditch  from  the  mouth  of  Johns  Creek  to  East  Fork,  and  a  ditch  about 
7  miles  long  on  Coal  Creek. 

A  ditch  has  been  started  by  the  Three  Friends  Mining  Company  to 
furnish  power  for  its  dredge  on  Solomon  River.  It  will  take  water 
from  the  river  just  below  East  Fork  and  extend  to  a  point  below  the 
mouth  of  Shovel  Creek,  where  a  head  of  75  feet  will  be  available. 


Discharge  measurements  in  Solomon  River 

drai 

nage 

basin,  1907. 

Dat<^. 

Stream  and  locality. 

Drainage 
area. 

Discharge. 

October! 

Do 

Solomon  River  Ik'Iow  .Tohns*  Crwk 

Brogan  ditch  at  intake 

^Sq.  miles. 
GC 

Sec.'ft. 

7.7 

Solomon  River  below  East  Fork 

40 

October2 

50.7 
96 

Do 

East  Fork  ditch .... 

10 

17 

113 
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70  WATEB  SUPPLY  IN   ALASKA^  1906-1907. 


FLOW  OF  DITCHES  IN  NOME  REGION. 

The  following  table  has  been  prepared  to  show  in  a  concise  man- 
ner  the  flow  of  the  ditches  which  take  their  water  supply  from  Nome 
River  and  its  tributaries,  and  from  near-by  streams.  It  is  also  of 
value  for  comparison  with  the  discharge  of  the  streams  from  which 
the  water  is  taken,  to  show  the  percentage  of  flow  that  can  be  deliv- 
ered by  a  ditch  at  the  point  where  it  is  to  be  used. 

Monthly  discharge  of  ditches  in  Nome  region^  1907. 


Ditch. 

Point  of  measurement. 

Yeariy 
maximum. 

July           1 

Augast. 

*Lr 

Campion... 

..   Black  Point 

8tc.-fi. 
18.0 
42.6 
37.0 
34.9 
64.7 
55.2 
1&5 
8.2 
13.4 
29.0 

29  ' 
31  1 
31  1 

^'! 

26 

16 

I 

28.0 

2&4| 

23.0 

43.8  1 
45.1  , 

11.3  1 
4.9  1 

5-7 

23.9 

5.2 

20.4  1 

34.4 

28.7 

27.4  1 

45.3 

44.0  1 

11.8  ' 
6l1    I 
&2  ! 

^ii 

22.2, 

Sec.-p 
U5 

Miocene... 
Do.-... 

do 

..   Ciara  Creek 

>7 

it: 

Do.... 

. .    Alwve  Hobson 

31  •» 

Do ... . 

. .'  Below  Hobson 

47. «» 

Do.... 

. .    Flume 

5ij  4 

Do 

. .  j  David  Creek  branch 

9  0 

Do ... . 

. .  1  Jett  Creek  branch 

«n  : 

Do 

. .'  Q rand  Central  branch      

9.rt 

Seward 

. .    Nome  River  intake 

2.\7 

Do 

. .'  Hobson  Creek  branch.  ...             ... 

4.5 

Pioneer 

. . '  Nome  River  intake  6 

26.8 

21.'* 

Do 

.  .1  Hobson  Creek  branch..   ..           ... 

5-i 

Sutton .... 

. . '  Intake : 

3&0 
17.8 

31  I 

10  1 

1 

2i*9  ' 
12.3  1 

1 

23.8 
12.9 

31  "i 

Cedric 

..    Penstock 

Sle, 

a  Mean  for  14  days. 

6  Values  for  Pioneer  ditch  have  been  estimated  at  85  percent  of  those  for  Seward  ditch;  this  was  the 
proportion  during  the  time  for  which  records  were  obtained  on  I)oth  ditches. 

AVAILABLE  WATER  SUPPLY  DURING  1906  AND  1907. 

In  order  to  show  the  amount  of  water  that  was  available  during" 
1906  and  1907  for  hydraulicking  the  placers  near  Nome,  the  mean  flow 
of  the  streams  in  each  drainage  basin  has  been  tabulated  by  weekly 
periods  in  the  table  on  page  72.  In  using  this  table  the  following 
points  should  be  noted  : 

The  *^Nome  River  high-level  flow"  represents  the  total  amount 
of  water  in  that  river  above  the  Miocene  ditch,  including  the  flow 
of  the  Campion  ditch,  David  Creek,  and  Hobson  Creek.  The  flow 
of  the  springs  on  Hobson  creek  has  been  taken  as  14  second-feet 
during  1906  except  for  the  first  week  in  July,  when  it  did  not  exceed 
10  second-feet. 

The  *^Nome  River  low-level  flow"  includes  all  additional  water 
down  to  Pioneer  ditch.  The  drainage  area  of  Nome  River  below 
the  Miocene  and  David  Creek  intakes  and  above  the  Pioneer  intake 
is  18  square  miles.  The  run-off  from  this  area  for  the  period  in 
August,  1907,  during  which  records  were  kept  was  at  about  the  same 
rate  per  square  mile  as  at  the  Miocene  intake.  The  low-level  flow 
has  therefore  been  taken  as  1.2  times  the  natural  flow  at  the  Miocene 
intake,  where  the  drainage  area  is  15  square  miles.    To  this  has  been 
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added  60  per  cent  of  the  discharge  of  Hobson  Creek  at  the  Miocene 
intake,  this  being  approximately  the  amount  entering  that  stream 
between  the  Miocene  and  Pioneer  intakes. 

*'Upp)er  Grand  Central  River/'  etc.,  includes  the  station  below  the 
forks  and  those  on  Thompson  Creek  and  Gold  Run,  and  gives  the 
amount  that  can  be  brought  over  the  Nugget  divide. 

The  mean  flow  of  ^'Nugget,  Copper,  and  Jett  creeks"  gives  the 
amount  that  can  be  brought  over  the  Nugget  divide,  and  for  1906  was 
estimated  from  the  few  measurements  obtained. 

The  flow  of  '*Sinuk  Riv«r,  Windy  and  North  Star  creeks,''  has  been 
estimated  for  an  elevation  of  800  feet,  which  is  as  low  as  the  water  can 
be  taken  over  the  divide  into  Nome  River.  The  amount  of  this  flow 
for  1906  was  obtained  by  taking  70  per  cent  of  the  flow  of  Grand 
Central  River  below  the  forks,  this  precentage  being  determined  as 
follows: 


Comparison  of  flow  of  Grand  Central  River  below  forht  with  that  of  Sinuk  River  and  its 
tributaries  at  elevation  of  800  feet. 


Date. 


June  26,  27.. 

July  6 

July  13 

JiUy20 

Augusts... 
August  10. . , 
September  6 


Sinuk 
River. 


Sec.'fU 


t 

37 
(7.5) 

36 

20 

23.5 
(20) 


Windy 
Creek. 


Sec.'ft. 
22 
(35) 
86 
36 
24 
26 
24 


North 

SUr 

Creek. 


Sec.'/t. 
10 
18 
16 
4 
3 
3 
(3) 


Total. 


Sec.-fl. 
65 
90 
177 
76 
47 

62.5 
47 


Grand 
Central 
Itelow 
forks. 


Sec.-fl. 
105 


198 
100 
67 
65 
67 


Sinuk, 

Windy,  and 

North  Star 

In  percent 

of  Grand 

Central. 


62 


80 
76 
70 
81 
70 


The  drainage  area  of  Grand  Central  River  lies  on  the  north  side  of 
a  ridge  of  the  Kigluaik  Mountains,  and  the  basins  of  Sinuk  River  and 
Windy  and  North  Star  creeks  lie  adjacent  to  it  on  the  south  side  of 
the  same  ridge.  On  the  days  when  measurements  of  flow  were  made 
of  the  streams  on  both  sides  of  the  mountains  it  was  found,  as  shown 
in  the  preceding  table,  that  the  flow  on  the  south  side  was  from  62  to 
89  per  cent  of  the  flow  on  the  north  side.  It  is,  therefore,  conservative 
to  say  t^at  the  average  combined  flow  of  Sinuk  River  and  Windy  and 
North  Star  creeks  was  70  per  cent  of  the  flow  of  Grand  Central  River 
below  the  forks. 

During  the  season  of  1907  gaging  stations  were  maintained  on  all 
the  streams  which  are  summarized  below,  and  their  daily  discharge 
is  given  elsewhere. 

The  following  table  should  not  be  taken  as  indicating  the  water 
that  can  be  used.  This  will,  of  course,  be  limited  by  the  capacity  of 
ditches  that  can  be  built  economically.  In  the  economical  construc- 
tion of  a  ditch  the  size  will  depend  largely  upon  the  duration  of  the 
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low-water  flow.     This  will  probably  limit  the  size  in  most  cases  to 
twice  the  minimum,  except  for  short  ditches. 

\fean  trefkly  u^er  supply,  in  $econd-feet,  available  for  use  hack  of  Nome^  1906-M 


Date. 


190G. 

July  1-7 

Julv«-14 

Julv  15-21 

July22-2» 

J  Illy  2»- A  iiguftt  4 

Augufit  5-11 

August  12-18 

August  19-25 

August  2(^S«pteinber  1 . 

September  2  8 

September  9-18 

September  19-30 


Mean 

Maximum. 
Minimum.. 


1907. 


July  1-7... 

July  S-14 

July  L')-21 

July  22  28 

July  2f^ August  4 

August  Vll 

August  12-18 

August  19-25 

August  26-September  1. 

Sopteml>er  2-8 

September  9-15 

September  16-23 

September  24^30 


AvallAble 
for  uae  at 
elevation 
220  to  280 
feet. 


AvaUable  for  use  at  elevation  400  to  450  feet. 


Nome  Nome 

River  low-  River  high- 
level  flow,    level  flow. 


I 

43  I 
155 

52 

43 

36 

39 

49 

81 
130 

68 

48 
120 


45 
144 
58 
49 
42 
45 
53 
84 
128 
73 
53 
118 


72 
155 
36 


135 
102 
84 
60 
44 
36 
49 
47 
72 
51 
176 
60 
45 


Mean 

Maximum  . 
Minimum.. 


•I 


74 
176 
36 


74 
144 
42 


190 
152 
107 
77 
69 
49 
62 
61 
80 
63 
204 
76 
56 


96 
204 
49 


Upper 

Grand 

Central. 

Thon»aon, 

and  Gold 

Run. 


153 
■  343 
179 
156 
101 
108 

91 
138 
202 
101 

68 
250 


343 


(*) 


(*) 


282 
228 
183 
144 
107 
190 
245 
318 
142 
418 
115 


216 
418 
107 


Nugget, 
Copper, 
and  Jeti 


Sinuk 

River, 

Windy  and 


ToUl. 


173' 

90 

79 

50 

4»> 

421 

62  ' 

94 

51 

36 
125  I 


1^ 


(*) 


78 
173 


152, 

143 

105" 

77 

50 

96  I 

86 
124 

T2 
167  ; 

62 


1/ 


109 
172 

50 


r 


J 


a  Too  small,  no  record  of  highest  water. 

t  No  i^ord.  No  water  could  have  been  used  from  Grand  Central  River  the  flrst  week  in  Jul.^  ■' 
account  of  snow;  nor  from  either  Grand  Central  or  Sinuk  rivers  the  last  week  in  September,  ' 
account  of  ice. 

DITCH  AND  PIPE  LINES. 

In  order  to  bring  the  water  to  the  gold-producing  ground  betweer 
Capes  Nome  and  Rodney  at  sufficient  elevation  to  be  used  for  hydrau- 
licking  and  sluicing,  nearly  300  miles  of  ditch  and  pipe  line  haTe 
been  constructed  and  several  extensive  additional  systems  are  no* 
under  construction  or  consideration.  The  first  ditch  in  this  seciio: 
was  built  in  1901,  by  Leland,  Davidson,  and  BUss,  from  upper  Glacier 
Creek  to  Snow  Gulch.  This  ditch  demonstrated  the  practicabilii} 
of  ditch  systems  in  this  country  and  was  the  beginning  of  the  Miocent 
system. 
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Ditches  are  usually  built  so  as  to  follow  the  contour  approximately 
with  grades  limiting  the  velocity  to  about  2  feet  per  second,  which  is  as 
high  as  the  material  in  this  section  will  stand  without  scour.  The 
ditches  are  therefore  for  the  most  part  on  slopes,  and  are  constructed 
by  making  a  cut  from  12  to  18  inches  deep  to  grade  at  the  lower  bank. 
This  bank  is  then  built  up  by  material  from  the  excavation.  The 
slopes  of  the  banks  are  from  1 : 1  to  IJ :  1 ,  depending  on  the  material. 

The  work  of  constructing  a  ditch  is  usually  divided  into  three 
classes — team  work,  pick  and  shovel  work,  and  rock  work.  .  Teams 
may  be  used  in  handling  dry  soil  that  contains  only  medium-sized 
rock.  This  is  the  fastest  method,  and  the  compacting  of  the  lower 
banks  by  the  horses  and  scrapers  makes  it  much  tighter  than  when 
the  dirt  is  thrown  in  loose.  Pick  and  shovel  are  used  in  loose  rock, 
in  wet  soil,  and  in  frozen  ground  from  which  the  top  is  removed  as  it 
thaws  from  the  surface.  Rock  must  be  blasted,  unless  it  is  fissured 
limestone,  which  may  be  loosened  with  the  crowbar,  or  decomposed 
schist,  which  yields  to  the  pick.  In  building  through  solid  rock,  a 
shelf  is  blasted  out  about  1  foot  below  grade  and  wide  enough  to 
carry  the  ditch  and  the  lower  bank,  which  is  built  of  rocks.  The 
bottom  and  sides  are  lined  with  sod  about  1  foot  thick,  and  are  pud- 
dled with  clay.  In  rock  slide  the  method  is  similar.  A  good  example 
of  this  kind  of  construction  was  seen  on  the  Grand  Central  branch 
of  the  Miocene  system.  The  ditch  was  built  through  a  pile  of  large 
bowlders,  unmixed  with  any  soil  or  gravel.  A  trench  was  made  1 
foot  deeper  and  2  feet  wider  than  the  finished  ditch.  The  sides  of 
the  trench  were  lined  with  a  slope  wall,  laid  1  to  1,  to  a  height  of  4  or  5 
feet.  The  outer  slope  of  the  lower  bank  was  also  rock  wall,  laid  some- 
what flatter.  The  ditch  will  be  Uned  with  sod  and  will  be  tight  and 
permanent. 

The  use  of  sod  is  very  common  and  economical,  and  saves  much 
piping  and  fluming  that  would  otherwise  be  necessary.  The  sod  in  a 
short  time  settles  and  knits  together,  and  thus  becomes  a  very  ser- 
viceable bank.  It  will  not  cut  or  wear  out,  and  the  older  it  gets  the 
better  it  becomes.  In  this  way  a  ditch  can  be  made  over  perpetually 
frozen  ground,  where  otherwise  it  would  be  impossible.  Much  ditch 
has  to  be  constructed  over  loose  stones  with  little  or  no  sediment 
between  them.  Such  ditches  must  be  lined  with  sod  and  all  holes 
must  be  filled  by  tamping  sod  into  them  as  far  as  possible.  This 
being  done,  it  will  be  found  that  the  wat^r  traveling  through  the 
ditch  will  deposit  sediment  over  the  sod  and  that  after  a  little  wliile 
it  will  become  tight. 

Canvas  is  also  used  as  a  lining  to  make  a  ditch  water-tight.  Wil- 
lows with  the  tops  left  out,  so  that  they  may  grow,  are  utilized  in 
embankments  with  success. 
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In  construction  over  *' glacier,"  which  is  the  term  used  for  frozen 
muck  mixed  with  ground  ice,  the  ditch  is  either  built  wholly  on  top 
of  the  sod  covering  or  an  excavation  is  made  and  lined  with  sod. 
Ditches  over  this  material  are  expensive  to  maintain,  owing  to  the 
thawing  of  the  ice  by  the  running  water. 

One  of  the  most  interesting  pieces  of  construction  over  glacier  is 
the  flume  on  the  Miocene  ditch.  This  flume  is  1,100  feet  long,  and 
has  a  width  of  8  feet  and  a  depth  of  28  inches.  It  was  constructed 
in  1901,  and  is  now  in  practically  perfect  alignment,  both  horizontal 
and  vertical,  and  no  repairs  have  been  necessary  on  it.  In  putting 
in  the  foundation,  trenches  were  dug  3  or  4  feet  deep  in  the  frozen 
ground,  which  was  practically  all  ice.  The  excavated  material  was 
covered  to  protect  it  from  thawing.  A  sill  was  laid  in  the  bottom  of 
the  trench  and  the  uprights  fastened  to  this  sill.  The  excavated 
material  was  then  replaced  in  the  trenches  and  froze  again  into  the 
original  condition.  Sod  was  carefully  placed  over  the  trench.  The 
uprights  were  then  sawed  off  to  grade  and  the  flume  constructed  on 
them. 

Inverted  siphons  are  built  across  deep  ravines  where  their  use  will 
save  expense  and  reduce  loss  by  seepage.  Most  of  these  are  rivete<l 
steel  pipe.  Joints  are  made  by  lapping  the  ends  from  4  to  6  inches. 
Siphons  must  be  weighted  down  and  protected  by  rock  to  prevent 
injur}^  by  frost  and  snowslides.  During  1906  two  siphons  were  built 
on  the  Seward  ditch,  across  Clara  and  Hobson  creeks,  continuous 
wood-stave  pipes  with  steel  bands  being  used. 

On  account  of  the  rapid  surface  run-off  during  hard  rains,  it  is 
necessary  to  have  waste  gates  at  short  intervals.  The  most  conunon 
waste  gates  consist  either  of  a  flume  as  deep  as  the  bottom  of  the 
ditch,  in  which  the  height  of  the  water  is  regulated  by  flashboards, 
or  of  a  long  weir,  laid  on  the  ground  surface,  which  will  spill  the  water 
when  it  reaches  a  certain  level. 

Ditch  intakes  consist  of  a  dam  or  barrier  across  the  stream,  con- 
taining one  or  more  waste  gates,  and  head  gates  for  regulating  the 
flow  into  the  ditch.  In  order  to  divert  the  entire  flow  of  a  stream, 
a  bed-rock  dam  must  be  built  to  stop  the  ground  flow  through  the 
gravelly  beds.  Such  a  dam  is  made  by  cutting  a  trench  across  the 
stream  bed,  extending  down  to  an  impervious  stratum,  and  filling 
it  with  sod,  which  is  carefully  laid  and  tamped.  The  dam  should 
be  protected  from  erosion  with  large  flat  rocks  or  riprap. 

Frozen  ground,  inadequate  facilities  for  transportation,  and  the 
high  cost  of  help"  and  supplies  make  ditching  very  expensive.  To 
the  first  cost  of  a  ditch  should  be  added  the  cost  of  nmintenance  for 
the  first  three  years,  during  wliich  time  extensive  repairs  are  neces- 

a  Laborers  r(«eive  tTt  por  day  and  board;  blacksmiths,  cooks,  etc.,  16. 
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sary.  On  many  ditches  these  repairs  cost  as  much  as  the  first  con- 
struction. At  the  end  of  three  years  ditches  are,  as  a  rule,  in  fairly 
permanent  condition  and  the  cost  of  maintenance  is  greatly  reduced. 
Such  information  as  could  be  obtained  shows  that  the  cost  of  a  ditch 
carrying  from  1,000  to  2,000  inches,  including  the  first  three  years' 
maintenance,  is  from  $5,000  to  $10,000  per  mile.  Owing  to  dangers 
from  washouts  and  landslides  it  is  necessary  to  have  the  ditch  con- 
stantly patrolled. 

Owing  to  the  frozen  condition  of  the  ground  it  is  not  practicable 
to  use  ditches  much  before  the  1st  of  July,  as  the  surface  does  not 
become  fully  thawed  until  that  time,  and  during  the  thawing  period 
the  ground  becomes  very  soft  and  there  is  great  danger  of  damage 
by  washouts. 

The  following  table  gives  a  list  of  the  principal  ditches  in  this 
region.  Some  of  the  data  given  are  only  approximate,  as  it  was 
necessary  to  obtain  them  by  inquiry. 

Ditches  between  Cape  Nome  and  Cape  Rodney,  Seward  Penins^ila. 


Froin- 


To- 


Miocene      Ditch  I 
Co.: 
Main  ditch... 


Feeding  lat- 
erals. 


Distributing 
laterals. 


Tunnel 

Wild  Goose  Min 
ing  and  Trad- 
ing Co.: 
Seward , 

Pipeline 


Pioneer    Mining 
Co.: 
South  bank . . 

North  bank. . 


Nome  River... 
liobson  Creek, 
The  Ex 


Upper  Glacier 
Creek. 

Grouse  Creek.. 

Upper  New  El- 
dorado Creek. 

David  Creek... 


Jett  Creek 

Grand  Central 

River. 
The  Ex , 


New    Yea  r 

Gulch. 
Kanoma  Gulch, 

Glacier  Creek 


Nome  River 
below  Doro- 
thy Creek. 

Crater  Lake... 

Nugget  Divide. 


Fumpingplant. 

No.    3,    oelow 

Little  Creek. 


No.   2,    above 

Anvil  Creek. 
No.    4,    above 

Anvil  Creek. 
Nome     River, 

above  Clara 

Creek. 


Hobson  Creek. 

The  Ex 

Snow  Gulch... 
The  Ex 

Flume 

Buster  Creek . . 

Nome  River 
above  main 
intake. 

Nugget  Divide. 

Grass  Gulch... 

Cooper  Gulch., 

New  Year 
Gulch,  Anvil 
Creek. 


Anvil  Creek.., 


Nugget  Divide. 
Anvil     Moun- 
tain. 

do 

Fumpingplant. 


No.  1,  below 
Anvil  Creek. 

Moonlight  Res- 
ervoir. 

Little  Creek . . . 


I  Elevation. 


—      — 

Sec- 

55 

55 

6 

Feet. 
572 
600 
445 

Feet, 
500 
44.5 
42U 
445 

10 
6 

'742' 

478 

18 

590 

580 

10 
80 

80f) 
850 

785 
785 

IG 
An 

445 

il7 

432 
'lor. 

a  Under  construction. 
6  Feet. 


4-C 

10-12 

30 


•  Cross  section. 

d  Diametor  in  inch*»s. 


420 


320 


417 


274 


Digitized  by 


Google 


76  WATEB  SUPPLY  IN   ALASKA,  1906-1907. 

Ditches  between  Cape  Nome  and  Cape  Rodney,  Seward  Peninsula — Continued. 


Name. 


United  Ditch  Co.: 

Sutton 

Ulghline 

Miscellaneous: 

Cedric 

Campion 

Peninsula 

Uydraullc 

Co. 
North  land 

Mining  Co. 
Hot  Air 


Price    and 

TPBmper. 
Ooldenuawn 

Corson  Min- 
ing Co. 
Plein 


Flambeau 
Hastings. 

Capt.  Peter- 
son. 

CrippleRlvcr 
Hydraulic 
Mining  Co. 

J  o  u  r  a  e  n  - 
Cununings. 


From— 


Penny  River.. 
do 


Josle  Creek 

Buffalo 

New  Eldorado 
Creek. 

Q  o  Id  bottom 

Creek. 
Divining 


Olacier  Creek.. 

Twin  Moun- 
tain  Creek. 

Last  Chance 
Creek. 

No.  7,  Otter 
Creek. 

Head  of  Flam- 
beau River. 

No.  3,  below 
Anvil  Creek.. 

West  bank 
Cripple  River 

Buffalo  Creek.. 


To— 


Beach. 

Sunset  Creek . 

Hungry  Creek 
Dorothy  Creek. 
Osbom  Creek 


Balto  Creek . . . 

Glacier  Creek, 
opposite 
Snow  Quich. 

O  D  p  o  s  i  t  e 
snow  Gulch. 

Alpha  Creek... 

Pioneer  Gulch..' 


Length. 


MiUs. 
6 
10.5 

19 
4 
9 


2.5 
10 


Mouth. 


J 


Hastings  Creek , 
Little  Creek....  I 


4 
1 
29 
2.5 


Fox  Gulch. 


Boer  Creek.. 


Date 
com- 
pleted. 


1905 
(«) 

1905 
1903 
1907 


1902 


(«) 
1903 
1904 
1906 


Bot- 
tom 
width. 


Feet. 
20-15 

7 

4-8 
6 
14 


(•») 


1906 


8-10 


FaU 
per 
mile. 


Feei. 
3.12 
4.22 

4 
7.5 


Ca- 


Sec- 
feet. 
40 


EleTation. 


Head.; 


Oot- 
let. 


F'eet.    Feet, 
120  90 


3.| 
10 

5 
20 
18 

3 
20 
16 
50 


870  1 

790 

610  ' 

5* 

1 
390  

i 

175  |. 

soo 

460  1. 

i.ooo 


a  Under  construction. 


WATER-POWER  POSSIBILITIES. 


Owing  to  the  great  value  of  water  in  this  region  for  use  in  working 
the  auriferous  gravels  but  little  attention  has  been  given  to  power 
development.  In  various  portions  of  the  peninsula  there  are,  how- 
ever, excellent  power  sites  whose  development  is  feasible  from  both 
an  engineering  and  a  financial  standpoint.  The  scarcity  of  fuel 
makes  steam  power  very  expensive,  and  it  is  probable  that  much  of 
the  future  mining,  especially  along  the  tundra  back  of  Nome  and 
along  the  larger  streams,  will  be  carried  on  by  dredging  or  by  some 
form  of  elevating  in  which  power  will  play  an  important  part.  With 
this  in  view,  the  attention  of  capitalists  should  be  directed  to  the 
consideration  of  power  possibilities. 

Work  has  been  begun  at  Salmon  Lake  on  the  construction  of  a 
dam.  (See  p.  54.)  The  Three  Friends  Mining  Company  has  started 
a  ditch  on  Solomon  River  to  develop  power  for  its  dredge. 

Many  streams  in  the  Kigluaik  Mountains,  notably  the  Racier-fed 
torrents  on  their  northern  slope,  are  available  for  developments 
under  a  high  head. 
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THE  KOUGAROK  REGION. 

-    By  Fred  F.  Henshaw. 
INTRODUCTION. 

In  1907  the  investigation  of  streams  begun  the  previous  year  in  the 
Nome  region  was  extended  to  the  Kougarok  region.  Owing  to  the 
large  area  that  had  to  be  covered  and  the  lack  of  railroad  or  other 
transportation  facilities  only  a  few  regular  stations  were  maintained, 
and  on  most  of  the  streams  only  a  few  discharge  measurements  were 
made.  The  work  was  carried  on  by  the  writer,  who  was  in  this 
district  from  July  15  to  September  18. 

In  the  present  report  the  name  Kougarok  region  is  used  to  include 
not  only  most  of  the  Kougarok  precinct,  but  parts  of  the  adjoining 
Port  Clarence  and  Goodhope  precincts.  The  drainage  basin  of 
Kruzgamepa  River,  though  included  in  the  Kougarok  precinct,  has 
already  been  considered  with  the  Nome  region,  with  which  it  more 
naturally  falls. 

A  summary  of  the  records  in  this  region  is  combined  with  one  for 
the  Nome  region  (see  p.  95),  in  order  to  aflFord  a  comparison  of  con- 
ditions in  the  two  districts. 

DESCRIPTION  OP  AREA. 

The  Kougarok  region  lies  northeast  of  the  Kigluaik  Mountains,  in 
the  central  portion  of  Seward  Peninsula.  It  is  about  50  miles 
square,  embracing  the  drainage  basin  of  Kougarok  River  and  parts 
of  the  adjoining  basins  of  Noxapaga,  Serpentine,  and  American 
rivers. 

Most  of  this  area  is  comprised  in  an  upland  which  represents  a 
former  level  of  erosion.  The  flat-topped  ridges  of  the  hills  lie  at  an 
elevation  of  1,000  to  1,600  feet.  Several  mountain  masses  rise  above 
the  level  of  the  plateau,  notably  Kougarok,  Midnight,  and  Baldy 
mountains.  Into  this  plateau  the  river  channels  are  deeply  cut.  The 
streams  flow  in  steep  canyons,  above  which  one  or  more  levels  of 
benches  can  usually  be  traced.  The  rivers  drain  southward  into 
the  Kuzitrin,  which  flows  through  the  broad  lowland  basin  separat- 
ing this  region  from  the  Kigluaik  Mountains. 
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The  general  slope  of  the  rivers  from  source  to  mouth  is  more 
uniform  than  in  the  Nome  region.  The  fall  occurs  mostly  in  ^iffle^ 
separated  by  pools  of  slack  water.  The  stream  beds  are  narrower 
and  have  shallower  gravel  deposits  than  most  of  the  streams  south 
of  the  mountains.     (See  PL  VIII,  A,  p.  80.)  * 

A  large  portion  of  the  area,  probably  40  to  60  per  cent,  is  under- 
lain with  frozen  muck  and  ground  ice,  which  was  observed  in  some 
places  to  have  a  thickness  of  25  to  30  feet.  This  is  covered  with 
moss,  and  unless  exposed  by  stripping  never  thaws  deeper  than  a 
few  inches. 

CONDITIONS  AFFECTING  WATER  SUPPLY. 

In  general  the  water  supply  of  the  Kougarok  region  conies  from 
the  same  Sources  as  that  of  the  Nome  region,  namely,  summer  rains, 
melting  of  snow,  and^melting  of  frozen  ground. 

The  difference  in  rainfall  between  this  area  and  that  south  of  the 
mountains  is  striking.  The  totals  of  2.51  and  2.79  inches  for  Shelton 
and  Taylor,  respectivly,  are  only  about  one-sixth  of  the  total  at 
Grand  Central  and  only  one-third  to  one-half  of  those  of  the  other 
three  rainfall  stations.  (See  p.  137.)  The  Kougarok  region  is  in  a 
measure  cut  off  from  the  comparatively  abundant  rainfall  of  the 
Nome  region  by  the  Kigluaik  Mountains.  This  high  and  steep 
range  causes  most  of  the  moisture  from  the  southerly  winds  to  be 
precipitated  on  its  southern  slope,  leaving  little  to  be  carried  into 
the  region  farther  north.  The  northerly  winds  bring  heavy  clouds 
and  fog  banks  from  the  Arctic  Ocean,  but  they  yield  little  rain. 

In  1907  there  was  no  rain  in  this  region  until  the  middle  of  July 
and  very  little  until  a  month  later,  so  that  the  run-off  up  to  August  1 
came  mostly  from  melting  snow.  During  the  three  weeks  of  ex- 
tremely low  water  that  followed  the  water  must  have  been  derived 
from  the  melting  of  the  ground  and  the  snow  banks  that  still  reinaineilt 
partly  from  springs,  and  only  to  a  slight  degree  from  the  rainfall. 

The  ground  is  all  frozen  muck,  and  is  so  protected  by  moss  that  it 
never  thaws  more  than  a  few  inches.  There  can  be  no  regulation  of 
flow  by  ground  storage,  therefore,  and  the  rain  finds  its  way  into  the 
streams  immediately  after  it  falls.  This  effect  is  more  marked  here 
than  in  the  Nome  region.  Thus,  on  July  24, 1907,  the  flow  of  Taylor 
Creek  rose  from  10  to  186  second-feet  in  two  or  three  hours,  and  four 
days  later  had  fallen  again  to  about  13  second-feet. 

But  little  definite  information  can  be  obtained  in  regard  to  climatic 
conditions  iu  former  years  in  the  Kougarok  region.  The  last  season 
was  one  of  drought  in  that  region,  whereas  the  water  supply  south  of 
the  mountains  was  plentiful.  The  most  reliable  information  that 
could  be  obtained  was  to  the  effect  that  the  low-water  periods  of  1900 
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and  1906  were  fully  as  long  and  as  severe  as  that  of  1907.  During 
the  week  of  August  10  to  16,  1907,  the  flow  at  all  the  gaging  stations 
remained  nearly  constant,  and  was  probably  as  low  as  it  would  have 
become  had  the  weather  continued  dry,  as  practically  all  the  water 
must  have  come  from  springs  and  from  the  melting  snow.  Whenever 
there  occurs  a  period  of  two  weeks  or  more  in  midsummer  without  rain, 
the  flow  is  Ukely  to  become  as  small  as  in  1907. 


GAGING  STATIONS. 


The  following  is  a  list  of  the  points  in  the  Kougarok  region  at  which 
gages  were  established  or  discharge  measurements  made  in  1907. 
The  numbers  refer  to  PI.  VII. 

Gaging  stations  in  Kougarok  region. 


1. 

Kougarok   River  below  Washington 

17. 

Lillian  Creek. 

Creek,  Washington  Creek,  and  Irv- 

18. 

California  Crt»ck. 

ing  ditch. 

19. 

Arctic  Creek. 

2. 

Kougarok  River  at  Homestake  intake 

20. 

Arizona  Creek. 

and  Homestake  ditch. 

21. 

Coarse  Gold  Creek. 

3. 

Kougarok  River  above  Taylor  Creek. 

22. 

North  Fork  at  Northwestern  intake. 

4. 

Kougarok  River  above  Coarse  Gold 

23. 

North  Fork  above  Eureka  Creek. 

Creek. 

24. 

Eureka  Creek. 

5. 

Homestake  ditch  at  penstock. 

25. 

Windy  Creek  and  ditch. 

6. 

Columbia  Creek. 

26. 

Coffee  Creek  and  ditch. 

7. 

Macklin  Creek. 

27. 

Turner  Creek  at  McKays  intake. 

8. 

Homestake  Creek. 

28. 

Boulder  Creek. 

9. 

Taylor  Creek  at  North  Star  intake. 

29. 

Noxapaga  River  above  Goose  Creek 

10. 

Taylor  Creek  at  Cascade  intake. 

30. 

Schlitz  Creek. 

11. 

Taylor  Creek  at  mouth. 

31. 

Reindeer  Creek. 

12. 

North  Star  ditch  above  siphon. 

32. 

Bryan  Creek. 

13. 

Cascade  ditch. 

33. 

Quartz  Creek. 

14. 

Henry  Creek  at  ditch  intake. 

34. 

Bismark  Creek. 

15. 

Henry  Creek  at  mouth. 

35. 

Budd  Creek  spring. 

16. 

Lincoln  Creek  at  ditch  level. 

36. 

Budd  Creek  below  Windy  Creek. 

KOUGAROK  RIVER  DRAINAGE  BASIN. 
DESCRIPTION    OF   BASIN. 

Kougarok  River  drains  a  large  area  lying  in-  the  central  portion  of 
Seward  Peninsula  and  empties  into  the  Kuzitrin  about  8  miles  above 
Lanes  Landing.  It  rises  southeast  of  Kougarok  Mountain  and  flows 
northward,  then  eastward,  and  after  making  a  sharp  bend  to  the 
right  flows  a  little  east  of  south  to  its  mouth.  The  largest  tributaries 
are  Taylor  Creek  and  North  Fork  from  the  east,  and  Henry,  Coarse 
Gold,  and  Windy  creeks  from  the  west.  Of  less  importance  are 
Washington,    Columbia,    Macklin,    Homestake,    Goose,    California, 
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Arctic,  Arizona,  Louisa,  Galvin,  and  Dan  creeks,  and  Left  Fort- 
Quartz  Creek,  wliich  empties  into  the  river  below  those  named  above, 
and  its  tributaries,  Coffee,  Dahl,  Checkers,  Carrie,  and  Independence 
creeks,  have  been  the  most  important  gold  producers  of  the  region, 
but  have  a  very  small  run-off  except  at  times  of  heavy  rain. 

KOUGAROK  RIVER  BELOW  WASHINGTON    CREEK. 

The  following  measurements  were  made  to  determine  the  water 
supply  available  for  the  ditch  of  the  Irving  Mining  Company,  which 
is  about  200  feet  higher  than  the  Homestake  ditch:  July  27,  4.5 
second-feet;  August  12,  2.2  second-feet;  September  9,  122  second- 
feet. 

KOUGAROK    RIVER  AT    HOMESTAKE    INTAKE   AND    HOMESTAKE    DITCU. 

These  stations  are  located  about  100  yards  below  the  int>ake  of 
Homestake  ditch  (see  PI.  VIII,  A)j  and  the  sum  of  their  discharges 
gives  the  total  flow  of  the  river  at  this  point.  The  gage  was  read  by 
employees  of  the  Kugarok  Mining  and  Ditch  Company. 

Discharge  measurements  of  Kougarok  River  at  Hom^takeAntake  and  Homestake  ditch, 

1907, 

KOUGAROK  RIVER. 


Date. 


I     Gage 
I  heignt. 


Dis- 
chaiige. 


Date. 


July  15... 
Do... 
July  20... 
August  9. 
August  12 
August  19 

July  15... 

Do... 

Do... 
July  20... 
July  29... 
August  12 


Feft. 
1.24  I 
1.13  I 
1.08  I 
.92  I 
.90 


Sec-ft. 
18.0 
6.6 
2.0 
3.1 
2.2 
3.3 


HOMESTAKE  DITCH. 


'  he^. 


August  22 

September  1 . 
September  4. 
September  10, 
September  11 


Fert. 
1.64 
.89 
1.34 
2.47 
1.98 


Dis- 
charge. 

82 
.5 

42 
303 
153 


0.51 

11.6 

.45 

10.2 

—.05 

.4 

.36 

8.J 

.20 

5.7 

—.04 

1.5 

August  19 

Do 

August  22.... 

j         Do 

I  September  10 

1 


a28 

.27 


.75 
.44 


7.4 

17.  h 

23.0 
12.0 
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A.     INTAKE  OF  HOMESTAKE  DITCH  ON  KOUGAROK  RIVER. 


n.     HOMESTAKE  DITCH,   SHOWING  SOD  WORK. 
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Daily  gage  height  and  discharge  of  Kougarok  River  at  Homestake  intake  and  Homestake 

ditch,  1907. 


July. 

AagUBt. 

September. 

River.      ,        Ditch. 

River. 

Ditch. 

River. 

Ditch. 

Day. 

1 

Feet. 

1 
1 

5 

♦* 

1 

i 

Sec-ft. 

1 

1 

1 

1 

} 

1 

s 

1 

1 

1 

Sec.-ft.    Feet. 

Feet. 

Sec-ft. 

a4 

.4 
.4 
.4 

.4 
.4 
.4 
.4 
32 
2.2 
2.2 
2.2 
1.7 
2.2 
2.7 
2.7 
2.7 
32 
32 
2.7 

48 

93 

72 

24 

67 

35 

29 

17 
5.8 
5.0 
.5 

Feet. 

a25 

.15 

.18 

.32 

.28 

.20 

.16 

.10 

.06 

-.02 

-.03 

-.04 

-.06 

-.06 

-.08 

-.08 

+.04 

.12 

.28 

.18 

.60 

.61 

.61 

.63 

.58 

.59 

.66 

.62 

.61 

.69 

.57 

Sec'/t. 

6.8 

4.8 

6.3 

8.5 

7.5 

6.7 

4.9 

38 

32 

2.0 

1.8 

1.7 

1.6 

1.5 

1.2 

1.2 

2.8 

4.2 

7.5 

6.3 

17.0 

17.4 

17.4 

18.2 

16l3 

16.6 

19.4 

17.8 

17.4 

20.6 

16.0 

Feet. 
1.01 
1.15 
1.12 
1.35 
1.57 
1.44 
1.28 
1.16 
1.78 
2.66 
1.86 
1.54 
1.33 
1.17 
1.74 
1.60 
1.22 
1.11 
1.04 
1.10 

Sec-ft. 

io:8 

22 

20 

42 

71 

53 

35 

23 
110 
336 
124 

67 

40 

24 

99 

61 

29 

18.9 

132 

18.0 

Feet. 

0.62 
.66 
.68 
.64 
.58 
.64 
.64 
.65 
.60 
.55 
.62 
.65 
.66 
.66 
.66 
.66 
.69 
.70 
.62 
.30 

aec.^. 

2 

'[ \'["" 

1 

19.4 

3 ' 

20  2 

4 

18.6 

5 1 

> 

16.3 

6 : :..i::..:: 

18.6 

7 ' 

1 

1 

18  6 

8 

1 

1 

19.0 

9 

1 

0.92 
.90 
.90 
.90 
.89 
.90 
.91 

20  6 

10 i ' 

16.2 

11 

17  8 

12 



19.0 

13 , 

19  4 

U -- 

19.4 

15 

16 

1.24 

is 

3.0 

0 
13.0 

19.4 
20  2 

17 

3.0    

12.0       .91 
10.0       .92 
9.0       .92 
8.0       .91 
•     9.0     1.40 
6.7  1  1.71 
7.4  1  1.58 
1&  4     1. 17 
1&2.    1.54 

20  6 

18 1 

3.0. 
3.0 

21  0 

19::.:::.::::::::: ::: 



17  8 

20 

21 

1.08 
1.06 
1.04 
1.00 
1.20 
1.03 
1.00 
.88 
.89 

2.0     0.36 

2.0       .40 

1.6       .31 

.4       .34 

14.0       .62 

1.3       .55 

.4       .49 

.4       .42 

4  '    .26 

.4       .22 

.4       .21 

.4    

8.0 

22 

23 

24 

1 

25 

1 

26 

13  2 
11.1 
7.1 
6.2 

1.28 
1.22 
1.09 
.06 

27 

28 

1 

29.. 

30 

&9       .95 
6.4      .89 

31 

.... 

1 

Mean 

3.2 

9.2  ' 

139 

8.9 

'      60.8 

1 

18  3 

Note.— Discharges  for  July  16  to  19  are  estimated.  All  water  was  carried  in  the  ditch  from  July  26  to 
August  8,  inclusive,  except  the  seepafe  through  the  diversion  dam,  which  was  estimated.  During  this 
time  about  2  second-feet  was  tumedout  of  the  first  waste  gate  to  furnish  a  sluice  head  for  operators 
who  were  worlcing  in  the  river  bed  below. 


Monthly  discharge  of  Kougarok  River  at  Homestake  intake,  1907, 
[Drainage  area,  44  square  miles.] 


Month. 


July  15-31 

August 

September  1-20. 

68  days. . . 


Discharge  in  second  feet. 


Maximum. 


110 
351 


351 


Minimum. 


6.3 
3  2 
26 


Mean. 


12.4 
22.8 
79.1 


Run-off. 


Sec.-ft  per 
sq.  mile. 


0.28 
.52 
1.80 


32  I 


36.8  I 


Depth  in 
inches. 


0.18 
.60 
1.34 


Note.— These  values  Include  the  discharge  of  both  the  river  and  Homestake  ditch,  as  giyen  in  the 
previous  table. 
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KOUOAROK   RIVER    ABOVE   TAYLOR   CREEK. 

The  following  measurements  were  made  just  above  the  mouth  of 
Taylor  Creek,  to  compare  the  flow  of  the  two  forks  at  their  junction, 
and  to  determine  the  discharge  available  for  a  ditch  at  this  level: 
July  26,  18.5  second-feet;  July  29,  8  second-feet;  August  10,  5.1 
second-feet. 

KOUOAROK  RIVER  ABOVE  COARSE  GOLD  CREEK. 

Between  the  mouths  of  Taylor  Creek  and  North  Fork,  Kougarok 
River  has  a  meandering  course,  with  well-marked  benches  along 
most  of  the  distance.  At  the  mouth  of  Coarse  Grold  Creek  it  makes 
a  bend  which  brings  two  points  more  than  2  miles  apart  by  river  within 
560  feet  of  each  other  in  a  straight  line.  A  tunnel  through  this  neck 
would  drain  the  gravels  in  this  stretch  of  river  bed  and  make  them 
accessible  for  working,  and  would  also  render  available  a  considerable 
water  power.  The  difference  in  level  of  the  water  surface  at  the  two 
ends  of  the  tunnel  is  about  17  feet.  An  outcrop  of  rock  which  crosses 
the  river  just  below  the  proposed  tunnel  intake  w^ould  make  a  fairly 
good  dam  site.  A  gaging  station  was  established  at  this  point  July 
15,  1907.  The  gage  was  located  just  above  the  rock  outcrop  men- 
tioned above,  where  the  channel  is  permanent,  and  was  read  by 
William  Ellis.  The  bench  mark  is  a  cross  on  the  highest  point  of  a 
rock  near  the  left  bank,  about  200  feet  above  the  tunnel  entrance: 
elevation,  2.18  feet  above  the  datum  of  the  1907  gage. 

The  discharge  at  this  station  also  gives  the  water  supply  that  would 
be  available  for  a  low-line  ditch  to  Dahl  Creek.  Such  a  ditch  is 
proposed.  It  will  have  its  intake  on  Kougarok  River  below  Dreamy 
Gulch  and  on  Henry  Creek  near  the  mouth,  and  will  extend  to  Dahl 
and  Coffee  creeks,  a  distance  of  over  30  miles.  Only  a  small  per- 
centage of  the  water  enters  the  river  between  these  proposed  intakes 
and  the  gaging  station. 

Discharge  measurements  of  Kougarok  River  above  Coarse  Gold  Creek,  1907. 


Date. 


Gagp  Dis-        :  ^  ^  Gaxe    :     Pis- 

height.  I    charge,    i  *'*"^'  height     chJirgfe- 


Fed.  Scc.-fi.      I                                                           Feet     '  Secii. 

JiilyU I         1.11                 89   I  Augusts a44  W 

Julv21 !           .86                 SIlAugustU 40  1' 

Julv23 1           .74                  36      August23 2.22,  *J 

July30 1           .64  1               33      AugU8t26 1.95  i  SS 
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Dtnfy  gage  height  and  discharge  of  Kougarok  River  above  Coarse  Gold  Creek,  1907, 
[Diainaga  area,  250  sqoaie  miles.] 


1       July. 

August. 

September. 

Day. 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Mean . . . 

July. 

August. 

8ept 

1 

ember. 

Day. 

;i 

1 

1 

lit 

Sec.-fi. 
210  t 
230  1 
205 
280  1 
500 
430 
400 
270 
600 
1,240 
550 
350 
270 
478 
600 
380 
270 
200 

i 

Feet. 

0.90 

.84 

.82 

.82 

.75 

1.14 

1.58 

1.20 

1.06 

.83 

.70 

.66 

.72 

1 

1 

5 

1 

1  Feet. 

Sec.-fL 

Feet. 

0.70 
.63 
.60 
.63 
.60 
.57 
.60 
.46 
.38 
.38 
.38 
.37 
.39 
.40 
.40 
.43 
.50 

1.03 

8ec.-ftJ^  Feet. 

47 
45 
45 
39 
96 
200 
109 
81 
46 
35 
33 
37 
67.2 

.27 

.18 

Feet. 
1.12 
1.08 
1.68 
2.26 
2.22 
2.19 
2.22 
1.99 

Sec.-ft. 

84 
229 
490 
472 
454 
472 
341 
280 
240 
210 
360 
190 
141 

.56 

.65 

Feet. 

\sec.-ft, 

\        160 

2 1 

31. 
29 
31 
29 
27 
23 
21 
16 

2.15 
2.10 
1.80 

'        130 

3 ; 

4 !   ...   . 

1    . 

5 

6 !   

7 

i 

8      ,  ... 

....  1  ..  • 

9 

1 

10 1 

16     3.50 
16  1 

16  ! 

17  ,  1.80 
17     2.23 

1 

11 L... . 

::::::i::::::: 

12  ::  .  L  :  : 

13 I 

1 

14 

J  1.09 
J  1.03 
.     .98 
.      .90 
.      .94 
1 

86 
75 
67 
54 
60 

!      388 

15 

16 

17 

18 

17 

23 

75 

Run-off 
square 

Run-off, 
In  inch< 

mBe^ 
depth 
JS 

1    1.66 

Note.— Dlflchaiges  for  days  when  gage  was  not  read  were  estimated  with  the  aid  of  a  hydrograph. 

IRVING  DITCH. 

The  Irving  ditch  was  built  in  1906,  and  has  its  intake  on  Kougarok 
River  at  the  mouth  of  Washington  Creek.  It  extends  for  4i  miles 
along  the  north  bank  of  the  river  to  a  point  opposite  the  mouth  of 
Columbia  Creek,  where  a  head  of  160  feet  is  obtained. 

The  following  measurements  were  made  of  the  discharge  of  the 
ditch:  August  12,  1.8  second-feet;  September  9,  12.4  second-feet. 

HOMESTAKE   DITCH. 

The  Homestake  ditch  of  the  Kugarok  Mining  and  Ditch  Company- 
was  begim  in  1905  and  completed  in  1907.  It  diverts  the  water 
from  the  upper  Kougarok,  near  Mascot  Gulch,  and  extends  along  the 
left  bank  of  the  river  to  a  point  opposite  the  mouth  of  Homestake 
Creek,  having  a  total  length  of  7i  miles.  The  water  is  carried  across 
Macklin  Creek  in  a  siphon  843  feet  long,  of  36  and  34  inch  pipe. 

Above  Macklin  Creek  the  ditch  is  built  into  the  rocky  bluffs  of 
close-grained  schists  and  slates  for  about  1  mile.  Below  the  siphon 
some  ground  ice  was  encoimtered,  and  also  a  large  amount  of  loose 
rock  mixed  with  ice  and  frozen  muck,  which  gave  much  trouble. 
Nearly  half  of  the  length  of  the  ditch  had  to  be  lined  with  sod,  some 
parts  requiring  both  sides  and  bottom  of  this  material.  (See  PI. 
VIII,  B.)  In  1907  a  lateral  ditch  was  built  to  MackUn  Creek.  It  is 
6;300  feet  long  and  4  feet  wide  on  the  bottom. 
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The  water  was  used  during  the  latter  part  of  1906  in  the  bed  of  the 
river  just  above  Taylor  Creek.  A  waste  ditch  was  formed  by  a 
retaining  wall  built  on  one  side  of  the  channel;  but  at  times  this  was 
overtopped  and  the  workings  flooded.  The  discharge  at  such  times 
was  estimated  at  600  to  800  second-feet. 

During  the  season  of  1907  the  water  was  used  on  the  John  L.  bench 
claim,  on  the  right  bank  of  the  river  below  Homestake  Creek.  A  head 
of  about  150  feet  is  available  on  this  claim. 

Two  stations  were  maintained  on  the  ditch,  at  the  intake  and  just 
above  the  penstock.     The  discharge  at  the  intake  is  given  on  page  81. 

The  station  above  the  penstock  was  maintained  during  the  high- 
water  period  of  1907,  to  determine  the  amount  of  water  used  at  (he 
mine.  The  gage  was  read  by  employees  of  the  Kugarok  Mining  and 
Ditch  Company. 

IHsrharge  nieaauremenU  of  Homestake  ditch  above  penstock,  19(n. 


]>HtC 

hel^l. 

ch^lSe.                         l^-^^- 

C 

he 

'^t.     ( 

Auiniat  21 

i 

'eel. 
1.19 
1.49 
1.47 

Sec'ft. 
9.1 
15.6 
15.0 

i  AugUBt  26 

i     i 

Vd.     1  Scc.-ff. 
1.74  1         21.1: 

Do 

August  22 

1  September  11... 

"    1 

i 

Daily 

gage  height  an 
August. 

i  discharge  of  Homestake  ditch  above  penstocky  1907. 

September. 

i 

1            Day. 

August. 

September. 

Day. 

Grtge  !    Dis-    !  Oage 
height,  charge,  height 

Feet.   \sec.-ft.^  Feet 
1.76 

Dis- 
charge. 

Gage  '    Dls- 
height,  charge. 

hei^t 

durp. 

1 

^''if:, 

'  18 

Feet.   \sec.'ft. 

Feet. 

1.76 

SfC'fl- 

21.. -5 

2 

1 1-70  '         20.2 

19 1 

1.68        I'^ 

3 

1.62          18.4 

1  20  ::::.:.:.::  1  ::     i 

L15,        &4 

4 '.* ; 

1.75          21.3 
1. 54          16.  7 
1.70          20.2 
1. 70          20. 2 
1. 70  1        20.  2 
1. 72          20. » 
1.52          16.2 
1.74,        21.1 

1.75  21.3 

1.76  ■        21..^ 

21 

1  22 

,  23 

1.34  1      12.3 
1.48        15.4 
1  54         16.7 
1.54         16  7 

I            :     :  1..: : 

6 

7                                          |. 

24 

g         1 

25 

1.60        i^n 



9 1         : 

26 

3? 

1.60 
1.56 
1.58 
1.58 
1.68 

18.0 
17.1 

... 

10                     .           1 

11                                               .     .. 

28     

17.6 
17.6 
10.  s 

12                                  

'  29 

13             

30 

14                                                 .     ... 

1.76 
1.76 

21.5 

31 

1.70       aa2 

15  "                                     ' 

21.5 
21.1 
21.5 

Mean 

] 

16 

"■"' 

1.74 
1.76 

17.2 

\U 

17              

■       t 

1 

TAYLOR  GREEK  AT  NORTH  STAR  INTAKE. 

Taylor  Creek  is  the  longest  tributary  of  Kougarok  River  and  is 
larger  than  the  main  stream  at  their  junction.  It  rises  near  the 
headwaters  of  Noxapaga  and  Goodhope  rivers  and  flows  in  a  south- 
westerly direction.  Its  principal  tributaries  are  Midnight,  Solomon, 
Jim,  Brown,  Rock,  and  Arizona  creeks.     Two  ditches  have  been 
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built  on  Taylor  Creek — the  North  Star,  with  its  intake  about  3  miles 
above  Solomon  Creek,  and  the  Cascade,  which  takes  out  wat^r  about 
5  miles  farther  downstream. 

The  following  measurements  were  made  at  North  Star  intake  to 
determine  the  water  supply  available  for  the  ditch:  July  17,  12  second- 
feet;  July  24, 174  second-feet;  August  10,3.8  second-feet;  September 
13,  94  second-feet.  They  indicate  a  discharge  of  75  to  90  per  cent  of 
that  at  the  Cascade  intake;  the  drainage  area  is  58  square  miles,  or 
78  per  cent  of  that  at  the  lower  point. 

TAYLOR    CREEK   AT   CASCADE    INTAKE.  * 

This  station  was  established  to  determine  the  total  water  supply 
of  the  two  ditches  on  Taylor  Creek.  It  is  located  about  100  yards 
above  the  diversion  dam  of  the  ditch.  During .  August  and  Sep- 
tember a  part  of  the  discharge  of  the  creek  was  diverted  past  the 
station  in  the  North  Star  ditch;  the  amount  of  this  diversion  is 
given  on  page  87.  .The  gage  was  read  by  employees  of  the  Cascade 
Mining  and  Ditch  Company. 

Discharge  measurements  of  Taylor  Creek  at  Cascade  irUakey  1907. 


Date. 

Gaffe 
height. 

Dis- 
charge.   1 

Date. 

Gaffe 
height. 

Dis- 
chaiige. 

July  17 

Feet. 
a  67 

Sec-ft. 
16 
186  , 

43  ! 

1 

August  I( 
August  2 
August  2- 

) 

Feet. 
a  49 
l.d5 
L30 

SeC'fU 
4.6 

July  24.. 

1.65 
.93 

I 

288 

July  2« 

1 

91 

Daily  gage  height  and  discharge  of  Taylor  Creek  at  Cascade  intake,  1907. 

July.        1     Auj 

;ust.     1  September. 

Day. 

July. 

August. 

September. 

Day. 

Gage  height. 
Discharge. 

t 

1 

i 

o 

Feet. 
1.12 
1.24 
1.15 
1.25 
1  55 
1.36 
1.25 
1.00 
1.24 
2,40 

i  ! 

Q 

Sec.-ft. 
67 
87 
72 
89 
152 
110 

1 

eg 

I 

s, 

1 
* 

5 

Sec.'ft. 
32 
72 
44 

1 

i 

5 

1 

Feet.  Sec.-ft. 

Feet 

Sec^-ft. 
7 

7 
7 
6 

18 

19 

20 

21 

22 

2.3 

Feet.  Sec.'ft. 

20- 

15 

1        13 

'        13 

12 

10 

Feet. 
0.84 
1.15 
.95 

Feet  Sec.-ft. 
1.00  ;         50 

2 1 

1         45 

3 1 

1         35 

4 

\       ' 

1.60     164 
1. 48  1  136 
1.38      114 

I • 

ft 

6 

5 

5 

4.6 

4.6 

4 

4 

2.5 

ao 

6              ' 

89    '  24 

.W      25 

1.  (»  1       186      1.  ^'i  1     89 
1        80      1.6.5      178 

.  93  1        43  1 147 

25      1.39     116 

13  , 98 

1          8     1. 20       80 

8  1  1.  65  1  178 

8 

1 

9, .    ,       1.    ...   1 

87  1 
4X)  1 

26 

27 

28 

29 

30 

31 

10               ' 

0.49 

u    ..               

1.  80          220  , 

1 

12 

1.  45 
1.30 
1-15 

129 
98  1 
72 

tat 

1 

13         .     1       .     ■ 

.31 
.42 
.47 
.50 
.57 

14                '             1 

8     1.20  '    80 

15 

16 

17 

20 

1        18 

a  67  1       16 

4.6  '   L60 
5.  0     1. 30 
9.2  1  1.15 

98   1      Mean.. 

72  1' 

29.9 

52,2 

111 

Note.— Discharges  for  days  on  which  gage  was  not  read  wene  obtaIne<i  l)y  the  aid  of  a  hydrograph. 
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Monthly  discharge  of  Taylor  Creek  at  Cascade  irUaiey  1907. 
[  D  ralnage  area,  74  square  miles.] 


Month. 


Discharge  in  seoond-feet. 


Maximum. 


July  15-31 186 

August 186 

September  1-20. I  441 


Minimum.  |  Mean. 

8      I  29.9 

3.0  I  54.2 

35      ,  119 


68daya ,  441  i  3.9 


67.1 


Run -off. 


Sec.^.per    Depth  in 
sq.  mile.         inches. 


.73   !  .M 

1  61  1.  ai 


.91 


Note.— These  values  include  the  discharge  of  both  the  creek  and  North  Star  ditch;  for  daily  dis- 
charge of  the  ditch  see  page  87. 

TAYLOR  CREEK  AT  MOUTH. 

The  following  measurements  of  Taylor  Creek  were  made  near  the 
mouth,  to  compare  its  discharge  with  that  of  Kougarok  River  aboT-e 
the  mouth  of  Taylor  Creek  and  to  determine  the  discharge  avail- 
able for  a  ditch  at  this  level:  July  17,  18  second-feet;  July  26,  46 
second-feet;  July  29,  9.6  second-feet;  August  10,  7.2  second-feet. 

NORTH   STAR  DITCH   ABOVE   SIPHON. 

The  North  Star  ditch  of  the  Taylor  Creek  Ditch  Company  was 
begun  in  1905  and  completed  in  1907.  It  diverts  water  from  Taylor 
Creek  about  12  miles  above  its  mouth  and  about  3  miles  above  the 
mouth  of  Solomon  Creek.  The  ditch  lies  on  the  left  bank  for  the 
first  mile,  then  crosses  the  creek  in  a  flume  and  continues  on  the 
right  bank  to  a  point  7  miles  below  the  intake.  Here  it  crosses 
Taylor  Creek  in  a  siphon  2,600  feet  long,  composed  of  40-inch  steel 
pipe,  riveted  throughout,  there  being  no  slip  joints.  The  pipe  is 
carried  across  the  creek  on  a  suspension  bridge  about  100  feet  long. 
The  difference  in  elevation  between  the  ends  of  the  siphon  is  19  feet, 
and  the  depression  at  the  bottom  150  feet.  Below  the  siphon  the 
ditch  receives  the  flow  of  Rock  Creek  and  continues  to  Arctic  Creek, 
having  a  total  length  of  15.2  miles. 

Water  was  turned  into  the  ditch  at  the  intake  about  August  5, 
but  was  not  run  through  the  siphon  until  about  the  20th.  The 
water  was  used  on  the  Thorson  bench,  on  the  left  bank  of  Kougarok 
River,  and  for  stripping  on  Dreamy  Gulch,  a  small  tributary  from 
the  east. 

The  station  above  the  siphon  was  established  to  determine  the 
amount  of  water  diverted  past  the  gage  at  the  Cascade  intake. 
The  quantity  used  at  the  mines  includes  in  addition  the  discharge 
of  Rock  Creek.  The  gage  was  read  by  employees  of  the  Taylor  Creek 
Ditch  Company. 
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Discharge  measuremetUs  of  North  Star  ditch  above  siphon,  1907, 
beigl 


Date. 


Case 
eieht. 


Dis- 


charge. 


Date. 


Ga«e 
iRht. 


I  heigl 


Dis- 
cbarge. 


August  10  . 
August  21 . 
August  24. 


Feel. 


.50 


Sec.'ft. 

5.0 
0.0 


Septembers.. 

September  13. 

Do 


Feet, 
1.14 
1.24 


Sec.'ft. 
7.0 
9.7 
a8.0 


o  Measured  at  intake. 


Daily  gage  height  and  discharge  of  North  Star  ditch  above  siphoUy  1907. 


.\UgU8t 

September. 

Gage  1    Dis-     . 
heignt.  charge.  ' 

Day. 

August. 

September. 

Day. 

Gage 
beii^t. 

Dis- 
charge. 

Gage 
height. 

Dls-   I  Gage  1     Dis- 
charge., height,  charge. 

1 

Feel. 

Sec.-ft. 

Feet. 
1.21 

Sec.-ft. 

18     .   . 

Feet. 

Sec.-ft. 

Feet.     Sec'ft. 
1.22           9.2 

2 

1 

L  10  1         7. 5 
1.11  1          6.2 
1. 16  1          7. 5 
1. 18  1         8. 0 
1.17'          7.8' 
1. 18            8. 0 
1. 14  1          7. 0 
1. 14             7.  0 

19 



3 1 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

-1 1 

4 

1 

' 

5 

1.04  1        5.6 
1.09!        5.8 

■■■i.*i8T'"8.'6' 

1.  14           7. 0 

1.05  5.2 

1. 15  I        7. 2 
1.18          8.0 
1.14          7.0 

1. 16  7. 5 

6 

1 

7 

8 

9 

10 

1.28 
1.30 

11.3 

12  0  , 

11 

1 

12 

1 

1. 22            9.  2  1 
1. 25  1        10.  2  1 
1.24            9.9 

1 

13 

a  1.5 

14 

15 

1.30          12.0 

1.28          11.3   ,            Mean 

1.22            9.2    I 

16 

1 

' 1     66.2 

9. 0 

17 

1 

1 

a  Estimated. 


6  Ten  days. 


CASCADE   DITCH. 


The  Cascade  ditch  was  built  in  1906.  It  diverts  water  from  Taylor 
Creek  about  7  miles  above  its  mouth  and  110  feet  lower  than  the 
North  Star  ditch.  For  the  first  quarter  of  a  mile  the  ditch  lies  on 
the  left  bank  of  the  creek;  it  then  crosses  to  the  right  bank  in  a  flume 
about  60  feet  long,  and  extends  within  a  half  a  mile  of  the  mouth  of 
Taylor  Creek,  having  a  total  length  of  6  J  miles.  The  flow  of  the  ditch 
was  very  irregular  during  1907,  on  account  of  breaks,  repairs,  and 
interruption  of  work  at  the  mine.  The  water  was  used  to  run  a 
hydraulic  elevator  in  the  bed  of  Taylor  Creek.  The  water  supply  of 
the  ditch  was  insufficient  for  this  purpose  during  the  first  two  weeks 
of  August,  and  the  pit  was  flooded  on  account  of  insufficient  waste-way 
capacity  most  of  the  time  after  August  20. 

The  following  measurements  were  made  of  the  discharge  of  the 
ditch: 

Discharge  measurements  of  Cascade  ditch,  1907. 


Date. 


Place. 


Dischai^c. 


August  10 1  Flume  near  intake. 

August  18 Near  penstock 

August  21 do 

September  5 do 


Sec.'ft. 


4.4 

5.8 
4.5 
7.1 
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HENRY   CREEK. 

Henry  Creek,  which  enters  Kougarok  River  about  2  miles  below 
the  mouth  of  Taylor  Creek,  is  the  largest  tributary  from  the  west, 
and  in  dry  weather  furnishes  the  steadiest  high-level  water  supply 
in  the  Kougarok  drainage  area.  Its  headwaters  lie  south  of  the 
upper  Kougarok  River  and  adjoin  those  of  Budd  Creek  on  the  west. 
Lincoln  Creek,  which  rises  between  Henry  and  Coarse  Gold  creeks, 
is  the  most  important  tributary.  Lillian  Creek  enters  from  the 
north,  about  4  miles  from  the  mouth. 

The  Henr}'  Creek  ditch,  which  was  built  by  the  T.  T.  Lane  Com- 
pany in  1905  and  1906,  extends  from  Henry  Creek  about  2  miles 
above  the  mouth  of  Lincoln  Creek  to  a  point  near  the  mouth  of  Home- 
stake  Creek,  and  has  a  total  length  of  10}  miles.  Ah  additional  S\ 
miles  would  divert  Lincoln  Creek.  No  water  was  running  in  the 
ditch  in.  1907.  It  is  now  the  property  of  the  Taylor  Creek  Ditch 
Company. 

Measurements  were  made  at  the  ditch  intakes  and  also  at  the 
mouth.  The  total  flow  at  ditch  level  on  the  dates  when  it  was 
measured  was  about  70  per  cent  of  that  at  the  mouth,  and  has  been 
estimated  as  the  same  proportion  for  days  when  measurements  were 
made  only  at  the  mouth. 

Discharge  measurements  of  Henry  and  Lincoln  creeks ^  1907. 


Data. 


!    Henry 

Creek  at 

1  mouth. 


At  ditch  level. 


July  16 

July  25 

July  30 

AuKUAt  9 

August  VA 

August  20 

August  2:^ 

August  26 

August  29 

Septpmhere. . 
September  12. 


Sec.-fl. 


22.0 
9.6 
8.2 
6.8 

12.0 

60 

M 

27 

55 

99 


Henry 
Creek. 


Sec.^l. 
10.0 
7.4 


Lincoln 
Creek. 


Sfc.-fi. 
&2 
8.0 


2.7 
5.0  . 


2.3 
3.3  I 


ToiAl. 


Ser.-ft 

l\2 
la  4 

S3 


The  following  measurements  of  Jjillian  Creek  show  the  amount  of 
water  it  would  contribute  to  the  Henry  Creek  ditch:  July  16,  10 
second-feet;  August  20,  0.6  second-feet;  September  12,  6  second-feet. 

COARSE   GOLD   CREEK. 

Coarse  Gold  Creek  is  one  of  the  larger  tributaries  of  Kougarok 
River.  It  has  a  total  length  of  about  16  miles,  and  flows  in  a  north- 
easterly direction,  entering  the  river  about  25  miles  above  the  mouth. 
The  creek  is  relatively  flat  in  its  upper  portion,  and  has  a  fall  of  40 
to  80  feet  per  mile  in  the  lower  6  miles. 
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The  Coarse- Gold  ditch,  constructed  in  1907,  has  its  intake  about 
5  miles  above  the  mouth,  and  is  built  along  the  south  slope  of  the 
valley,  picking  up  the  flow  of  Jones  Gulch  and  Nugget  Gulch.  It 
extends  about  5  miles  to  Two-bit  Gulch,  a  small  tributary  of 
Kougarok  River,  where  a  head  of  nearly  300  feet  is  obtained.  Meas- 
urements were  made  near  the  mouth  of  the  creek.  They  show  the 
water  supply  available  for  the  ditch,  as  practically  the  whole  flow 
is  diverted. 

Discharge  measurements  of  Coarse  Gold  Creek  near  m^uth^  1907. 


Date. 


July  21.... 

July  ao.... 

.\uguat  8. . 
August  12. 
Augusts). 


Discbarge.  { 


Sec.-ft. 
7.8 
3.5 
3.4 
3.0 
44 


Date. 


DischargR. 


August  26..., 

August  28 

September  6. 
September  8. 
September  15 


Sec. -ft. 


29 
30 
29 
22 
156 


NORTH    FORK. 

North  Fork  is  formed  by  the  junction  of  French  and  Alder  creeks 
and  enters  Kougarok  River  from  the  east,  about  a  mile  below  the 
mouth  of  Coarse  Gold  Creek.  Its  principal  tributaries  are  Harris, 
Baldy,  Monument,  Queen,  Magnet,  and  Eureka  creeks.  Harris 
Creek  is  dry  during  low  water  for  the  lower  4  miles,  the  water  flowing 
underground  through  the  limestone  which  forms  its  bed.  The  flow 
of  North  Fork  also  is  underground  for  over  a  mile,  and  appears  again 
as  a  spring  about  a  mile  above  Harris  Creek. 

In  1906  the  Northwestern  Development  Company  began  a  ditch 
which  has  its  intake  just  below  the  junction  of  French  and  Alder 
creeks,  extends  along  the  north  bank  about  3  miles,  and  then  crosses 
in  a  siphon  to  the  south  bank.     Six  miles  of  ditch  are  completed. 

A  lower  ditch  is  proposed  which  will  take  its  water  above  Eureka 
Creek  and  will  extend  to  Dahl  Creek.  Measurements  were  made  to 
show  the  water  available  for  both  ditches. 

Discharge  measurements  of  North  Fork,  1907. 


Date. 


At  North-   I   Above  Eu- 

western  In-  i    reka  Creek 

take  (drain- 1     (drainage 

age  area.  20  |      area.  66 

squaremiles).  square  miles). 


July  22 

August  15 

Aupust  27 

Septeraljer  7 

September  15 

a  Estimated. 


Sec.-ft. 

2.5 
.7 
31 
17 
o36 


Sec-ft. 


13.0 
9.6 
103 

70 
122 
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MISCELLANEOUS    MEASUREMENTS. 

Measurements  of  a  number  of  the  smaller  streams  and  ditches  in 
the  Kougarok  drainage  are  given  in  the  following  table.  Their 
location  is  indicated  on  the  map  (PI.  VII,  p.  78).  Macklin  Creek  is 
tapped  about  1  mile  from  the  mouth  by  a  branch  of  the  Homestake 
ditch.     The  Okdurok  ditch  diverts  the  flow  of  Homestake  Creek. 

The  Arizona  Creek  ditch  is  2  miles  long  and  is  built  to  the  benches 
of  the  Kougarok,  having  an  elevation  of  185  feA  above  the  river. 
•The  Windy  Creek  ditch  is  4  miles  long  and  gives  a  head  of  150  feet 
above  the  creek  at  Anderson  Gulch,  where  the  water  is  used  for 
ground  sluicing.  The  McMonagle,  Dolan  &  McFadden,  and  Blocker 
&  Sayle  ditches  divert  water  from  Kougarok  River  between  the 
Homestake  intake  and  Macklin  Creek,  and  are  used  to  furnish  a 
sluice  head  for  shoveling  into  boxes. 

MUcellaneous  mecuurenunU  in  Kougarok  River  drainage  basin,  2907. 

CREEKS. 


Date. 


Stream  and  locality. 


Disdiaff?. 


July  21 Arctic,  near  mouth 

August  26 ' do 

September  6 do 

August  29 ;  Arizona,  Including  ditch 

Septembers...! do 

August  20 California,  near  mouth 

J uly  12 1  Coffee,  near  Wonder  Gulch . . 

July  27 1  Columbia,  near  mouth 

8eptemt>er  9 do 

Beptemlier  7 . . .  i  Eureka,  near  mouth 

July  22 '  Harris,  claim  15 

August  22 ,  Homestake,  including  ditch . 

September  6 . . .  | do 

August  19 '  Macklin,  including  ditch 

August  22 do 

September  1 1 . .  i do 

August  12 '  Washington,  near  mouth... 

September  9 do 

July  13 1  Windy,  including  ditch 

July  31 ' do 

Augusts do 


See, 


-ffet. 
0.6 

\.i 

.10 

ii 

«l2 

Li 

.5 

L5 
19 

5.S 
LO 
40 
\7 
S-i 
19 
3) 

« 

is 
10 


DITCHES. 


August  29 

Septembers.. 

August  19 

September  11 . 
August  19..  .. 

Do 

Do 

August  22 

September  6.. 

July  31 

August  8 


Arizona  Creek  ditch 

do 

Blocker  &  Sayle  ditch 

do 

Dolan  &  McFadden  ditch. 

Macklin  branch 

McMonagle  ditch 

Okdurok  ditch 

do 

Windy  Creek  ditch 

do 


IS 
L^ 

if 

ii 

At-* 

2  * 

LO 


TOTAL    WATER    SUPPLY   IN    1907. 

The  amount  of  water  that  would  have  been  available  in  1907  for 
the  use  of  the  principal  ditches  of  the  Kougarok  drainage  basin. 
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built  and  proposed,  is  summarized  by  weekly  periods  in  the  accom- 
panying table.     The  following  points  should  be  noted: 

The  flow  available  **for  Dahl  Creek  at  elevation  300  to  350  feet"  is 
the  quantity  that  could  have  been  diverted  by  proposed  low-line 
ditches,  one  taking  water  from  Kougarok  River  near  Dreamy  Gulch 
and  from  Henry  Creek  near  the  mouth,  the  other  from  North  Fork 
above  Eureka  Creek.  These  ditches  could  be  combined  into  one 
below  the  mouth  of  North  Fork.  The  water  in  the  North^Star  and 
Henry  Creek  ditches  could  be  carried  past  the  intakes  and  used  below 
them,  so  that  the  flow  available  for  the  low-line  ditch  as  given  in  the 
table  would  be  reduced  by  the  amount  so  diverted.  Practically  none 
of  the  discharge  of  Coarse  Gold  Creek  would  be  available  for  this 
ditch,  as  it  would  be  used  in  the  high-level  ditch. 

The  flow  available  for  **  upper  Kougarok  at  elevation  600  to  700 
feet"  is  the  sum  of  the  discharges  of  the  five  principal  forks  of  the 
river  at  the  ditch  intakes.  At  least  75  i>er  cent  of  the  discharge  of 
Taylor  Creek  is  available  for  the  North  Star  ditch  and  the  remainder 
for  the  Cascade  ditch.  The  values  for  Henry  and  Coarse  Gold  creeks 
and  North  Fork  were  estimated  with  the  aid  of  hydrographs  and  are 
only  approximate. 

Several  other  streams  would  furnish  some  water  at  high  and  low 
level,  notably  Homestake  and  Rock  creeks.  At  low  water  this  would 
be  less  than  1  second-foot  for  any  single  stream  and  may  be  disre- 
garded; at  high  water  it  would  not  be  needed. 

Mean  weekly  water  gupply,  in  second-feet,  of  Kougarok  River  drainage  basin,  1907. 


Date. 


'  For  Dahl  Creek  at  ele- 
vation 300  to  350  feet. 


July  15-21 

July  22-28 

July  29- August  4 

August  5-lT 

August  12-18 

August  19-25 

August  26-September  1 

September  2-8 

September  9-15 

September  10-20 

Mean 

Maximum 

Minimum 


Koug- 
arok 
River. 


33 
21 
26 
328 
262 
331 
584 
228 


19G 
584 
21 


North 
Fork. 


76 
117 
45  1 


Total. 


79 
110 
45 
31 
39 
401 
345 
407 
701 
273 


For  upper  Kougarok  at  elevation  600  to  700  feet. 


Koug- 
arok 
River. 

14 

13 
6.7 
5.4 
4.5 

60 

33 

57 
133 

46 


Taylor   Ilenry   ^^J|3^    North    ,p_.^, 
r<*»<>u    '  r'.^wii;      uoia      c.„,i,       loiai. 


Creek.    Creek. 


16 
53 
7.3 
5.0 
9.0 
117 
117 
100 
181 
68 


,  Creek. 


19 

14 
7.3 
6.3 
5.4 

28 

21 

33 

94 

33 


47 

117  ! 
10  ' 


243 
701 
31 


37.3         67.3  I 

133  181      ; 

4.5  5.0 


26.1 
94 
5.4 


12 
9.6 
3.8 
3.3 
3.9 

29 

26 

27 
100 

39 


Fork. 


5.2 
3.0 
1.2 
1.0 
1.0 

30 

27. 

21 

44 

17 


25.4  I 
100 
3.3 


15.0 
44      I 
10 


60 
93 
26 
21 
24 
264 
224 
238 
552 
203 


171 
552 
21 


NOXAPAGA  RIVER  DRAINAGE  BASIN. 

Noxapaga  River  is  the  largest  tributary  of  the  Kuzitrin,  and 
enters  that  stream  from  the  north  about  15  miles  above  the  mouth 
of  the  Kougarok.  The  northwestern  portion  of  its  basin  resembles 
that  of  Kougarok  River,  which  it  adjoins.     An  extensive  lava  flow 
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covers  the  eastern  portion,  and  the^outhern  or  lower  end  lies  in  the 
lowland  area  known  as  the  .Kuzitrin  Flats. 

Above  the  mouth  of  Goose  Creek  the  river  has  been  crossed  by  a 
recent  lava  flow,  forming  rapids  in  which  there  is  a  descent  of  96  feet 
in  2.3  miles.  Above  the  rapids  the  river  has  hardly  any  fall  for 
several  miles. 

During  1907  a  ditch  was  built  by  the  McKay  Hydraulic  Mining 
Company  from  Turner  Creek,  a  tributary  to  the  Noxapaga  from  the 
northwest,  to  benches  on  the  river  above  Goose  Creek.  It  has  a 
total  length  of  16  miles,  and  diverts  water  from  Turner,  Boulder, 
Miller,  Winona,  and  several  smaller  creeks. 

Measurements  w^ere  made  in  this  drainage  basin  at  extreme  low 
water  and  in  no  wise  represent  the  average  flow.  The  seasonal  varia- 
tion of  the  smaller  streams  was  probably  as  great  as  in  the  Kougarok 
River  basin,  and  the  high-water  discharge  of  the  Noxapaga  can  prob- 
ably be  safely  estimated  as  the  same  per  square  mile  as  that  of  the 
Kougarok. 

Discharge  measurements  in  Noxapaga  River  drainage  hasin^  1907. 


Date. 

Stream  and  locality. 

Drainage 
area 

Sq.  miles. 
13 

Discharge. 

August  15 

Do 

Turner  Creek  at  McKay  Intake 

Sfc.'feet. 
0.7 

Boulder  Creek  at  claim  5 

.8 

August  16 

Noxapaga  River  above  Goose  Creek 

340 

C2 

SERPENTINE  RIVER  DRAINAGE  BASIN. 

Serpentine  River  drains  a  large  area  lying  north  of  the  Kougarok. 
Measurements  were  made  of  only  a  few  streams  in  the  headwaters. 

SCHLITZ   AND   REINDEER    CREEKS. 

These  creeks  rise  on  the  slope  of  Midnight  Mountain,  and  flow- 
northwestward  into  Serpentine  River.  A  ditch  has  been  started  by 
the  Kugarok  Mining  and  Ditch  Company  which  will  be  about  8  miles 
long  and  will  divert  the  flow  of  these  creeks  over  a  low  divide  into 
Macklin  Creek,  where  it  wmII  be  picked  up  by  a  branch  of  the  Home- 
stake  ditch.  Measurements  were  made  near  the  proposed  diver- 
sions, as  follows:  Schlitz  Creek,  August  11,  0.7  second-feet;  Septem- 
ber 4,  13  second-feet.  Reindeer  Creek,  August  11,  1.9  second-feet; 
September  3,  13  second-feet. 

BRYAN    AND   DICK    CREEKS. 

Bryan  Creek  rises  to  the  east  of  Xougarok  Mountain  and  flows 
northeastw^ard  into  Serpentine  River.  Dick  Creek  is  its  principal 
tributary  and  has  shown  the  best  values  of  all  the  streams  in  this 
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drainage  basin.  A  ditch  built  by  the  Pittsburg-Dick  Creek  Min- 
ing Company  in  1906  and  1907  diverts  the  water  of  Bryan  Creek 
and  extends  along  the  left  or  north  bank  of  the  creek  for  6i  miles  to 
the  mouth  of  Dick  Creek,  where  a  head  of  about  ITOieet  is  available. 
The  following  measurements  were  madp  of  Bryan  Creek  near  the 
intake:  July  19,  4.2  second-feet;  July  27,  6.0  second-feet;  July  28, 
6.5  second-feet;  September  2,  15.5  second-feet. 


QUARTZ    AND   BISMARCK   CREEKS. 

Quartz  Creek  is  the  name  applied  to  the  headwaters  of  South 
Fork  of  Serpentine  River.  It  rises  west  of  Kougarok  Mountain  and 
flows  in  a  northerly  direction.  Bismarck  Creek  is  a  small  tributary 
of  Quartz  Creek.  In  1907  the  Pittsburg-Dick  Creek  Mining  Com- 
pany began  a  ditch  which  will  take  water  from  these  creeks  and 
carry  it  over  the  divide  to  a  small  tributary  of  Bryan  Creek,  where 
it  wnll  be  picked  up  by  the  Bryan  Creek  ditch.  The  Quartz  Creek 
ditch  is  about  350  feet  higher  than  the  Bryan  Creek  ditch  and  is 
about  8  miles  long.  Plans  are  made  to  extend  it  to  upper  Dick 
Creek,  giving  it  a  total  length  of  22  miles.  Measurements  were 
made  about  200  feet  lower  than  the  intakes,  and  not  over  75  per  cent 
of  the  discharge  at  these  points  would  be  available  for  the  ditch. 

The  gage  on  Quartz  Creek  was  read  during  the  low  water  of  August 
by  S.  G.  Revelas. 

The  following  measurements  were  made  of  Bismarck  Creek:  July 
19,  1.7  second-feet;  July  28,  2.0  second  feet. 

Gage  heights  and  discharges  of  Quartz  Creek,  1907. 


Date. 


MEASUREMENTS. 


July  19 

July  28 

September  2. 


QAOE  BEADIM08. 


August  I. 
August  3. 


Gage 
beignt. 


Feet. 


0.60 
.80 


.61 : 

.60  ' 


Discharge.  ! 


Sec-feet. 
8.2 
9.0 
25.0 


9.6 
9.0 


Date. 


GAGE  READINGS— cont'd. 

Augusts 

August  7 

August  9 

August  II 

August  13 

August  15 

August  17 

August  19 


Gage 
?lght. 


hclgl 


Discharge. 


Feet. 

Sec.'/eet. 

0.60 

9.0 

.61 

9.6 

.62 

10.2 

.60 

9.0 

.62 

10.2 

62 

10.2 

.64 

11.4 

.64 

11.4 

AMERICAN  RIVER  DRAINAGE  BASIN. 

American  River,  the  north  fork  of  the  Agiapuk,  drains  a  large  area 
west  of  the  Kougarok  basin.  Measurements  were  made  only  on 
Budd  Creek,  the  tributary  on  which  the  most  extensive  development 
work  has  been  done. 

Budd  Creek  rises  northwest  of  Kougarok  Mountain  and  flows 
southeastward  to  the  mouth  of  Eldorado  Creek,  thence  southwest- 
ward  to  American  River  above  the  forks.     The  waters  of  Budd  and 
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Eldonulo  creeks  sink  into  the  limestone  which  forms  their  beds,  and 
after  flowing  from  2  to  4  miles  underground  appear  as  springs. 
Windy  Creek  is  a  laige  tributary  from  the  south,  on  which  some 
mining  has  been  done. 

In  1907  a  ditch  was  built  on  the  north  bank  of  Budd  Creek  by  the 
Ottumwa  Gold  Mining  Company.  It  takes  its  water  just  below  the 
spring  and  extends  to  a  point  below  the  mouth  of  Windy  Creek,  a 
distance  of  8  miles.  A  head  of  about  160  feet  is  obtained.  A  sec- 
ond ditch  was  built  by  the  same  company  on  Million  and  Ohio  creeks, 
tributaries  of  Windy  Creek. 

The  following  measurements  were  made  August  31,  when  the  water 
was  at  about  as  low  a  stage  as  it  reached  during  the  season,  the  rain^ 
beginning  later  here  than  in  the  Kougarok  basin:  Budd  Creek  Spring, 
drainage  area  58  square  miles;  discharge,  25  second-feet.  Budd 
Creek  below  Windy  Creek,  drainage  area,  108  square  miles;  discharge, 
39  second-feet. 

HYDRAULIC  DEVELOPMENT. 

The  first  discovery  of  gold  on  any  tributary  of  Kougarok  River 
was  made  on  Harris  Creek  in  1900.  The  river  and  creek  claims  were 
nearly  all  staked  during  the  following  summer,  and  values  were 
found  at  many  points.  The  district  has  continued  as  a  producer 
since  that  time,  but  the  total  output  of  precious  metal  has  been 
small  compared  with  that  of  other  districts  in  Seward  Peninsula.  In 
the  lower  part  of  the  Kougarok  region  Dahl  Creek  has  been  the  lai^rest 
producer.  Work  on  this  stream  is  greatly  handicapped  by  the 
scarcity  of  water.  Dahl  Creek  has  a  small  area  and  lies  in  a  region 
of  small  run-off,  so  that  it  is  only  during  the  melting  of  the  snow  in 
the  spring  and  for  a  few  days  after  a  heavy  rain  that  enough  water 
for  sluicing  can  be  obtained  ft*om  the  creek. 

During  1903  and  1904  the  first  ditch  in  the  region  was  built  bj 
the  T.  T.  Lane  Company.  It  extends  from  Coffee  to  Dahl  Creek, 
diverting  Carrie  and  Independence  creeks  along  its  course.  In  1904 
capital  began  to  turn  its  attention  to  the  upper  Kougarok.  Three 
large  ditches  were  begun  late  that  year  or  early  in  1905 — the  Home- 
stake,  North  Star,  and  Henry  Creek  ditches.  In  1906,  the  Cascade, 
Irving,  and  North  Fork  ditches  were  built,  and  work  was  continued 
on  the  other  three.  In  1907  only  one  ditch,  that  on  Coarse  GoM 
Creek,  was  built  in  the  Kougarok  basin.  Several  developments 
were  carried  out  on  streams  in  adjacent  drainage  areas,  including 
the  McKay  ditch  from  Turner  Creek  to  Noxapaga  River,  the  Brvan 
and  Quartz  creek  ditches,  and  the  Ottumwa  ditch  on  Budd  Creek. 
Most  of  these  ditches  have  been  described  in  the  foregoing  pages. 
The  following  tables  summarize  their  principal  features.  The  capac- 
ities are  approximate  in  most  cases. 
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Ditches  in  Kougaroh  region,  Seward  Peninsula. 


Name. 

I 
Diverts  Irom—  1     Extends  to— 

1 

I' 

n 

MUes. 
7.5 

1.2 
8 

4.4 

67 
6,25 

10.25 

3.25 

12.25 
2 

5 

6 

4 

10 

6.5 

8 

8 

i 

5 

^1 

Kogarok  Mining  and 
Ditch  Co.: 
Homestake 

Macklin  Branch... 
Arctic 

Koogarok  River 

Macklin  Creek.. 
Reindeer  and 
Schlitz  creeks. 
Kougarok  River 

Taylor  Creek... 
do 

Homestake 
Creek. 

Main  ditch 

Macklin  divide.. 

Columbia  Creek. 

Arctic  Creek.... 
Claim  3 

1907 

1907 
(-) 

1907 

fl907 

il907 

1P07 

(^) 

C) 

1904 
1905 

1907 

(a) 

Feet. 
8 

4 
5 

6 

8 
10 
5.5 

6 

Feet. 
3.17-4.22 

4.22 
4.22 

4.22 

3.70 
4.22 
4.22 

3.17 

5 
10 

15 

40 
40 
12 

15 

Feet 
160 

I  rvf ng  Mining  Co 

Taylor    Creek    Ditch 
Co.: 

North Ster 

Cascade    Mining   and 

Ditch  Co. 
T.  T.  Lane  Co.: 

Henry  Creek....... 

160 

"266 
110 

nienry  Creek.... 

1  Lincoln  Creek... 

Coffee  Creek 

Arizona  Creek.. 

Coarse     Gold 

Creek. 
North  Fork...  . 

Homestake 
Creek. 

Henry  Creek  in- 
take. 

Dahl  Creek 

Benches  on  river 

Two-bit  Culch.. 

210 

Coffee  Creek 

3-5 

4 

8 

7 

4 
4-5 

6 
8 

9 

4 

3.17 
3.17 

4.22 

3.17 

4.22 
4.22 

4.22 
4.22 

3.70 

4.22 

C.     F.     Merritt    and 

others. 
Galvin^  Buell 

Northwestern    Devel- 

2 

25 

20 

8 
8-10 

15 
20 

30 

S 

185 
300 

opment  Co. 

AnderBon  Bros. .  ♦ 

McKa\  Hydraulic  Min- 
ing Co. 

PItUburg-Dick  Creek 
Mining  Co. 

Ottuniwa   Qold  Min- 
ing Co. 

Windy  Creek... 
Turner  Creek... 

(Bryan  Creek.... 
i  Quartz  Creek... 

jBudd  Creek 

iMIIIion  Creek... 

Anderson  Gulch 
GooseCreek 

Dick  Creek 

Bryan  Creek  di- 
vide. 

Below     Windy 
Creek. 

Windy  Creek.... 

1906 
1907 

1907 

(«) 

1907 
1907 

150 

170 
•«350 

100 

o  Under  construction. 

6  Intake  to  siphon. 

e  Siphon  to  Arctic  Creek. 


d  Proposed. 

«  Above  Bryan  Creek  ditch. 


RELATIVE  RUN-OFF  OF  DIFFERENT  AREAS. 

In  order  to  afford  a  comparison  of  the  run-off  conditions  in  different 
areas,  especially  between  those  north  and  south  of  the  Kigluaik 
Mountains,  tables  have  been  prepared  showing  the  daily  minima 
and  monthly  means  for  1906  and  1907  in  second-feet  per  square 
mile  for  the  drainage  areas  investigated.  The  streams  have  been 
grouped  into  three  classes — (1)  those  running  in  the  foothills,  having 
sotithern  exposures  and  but  few  gulches  in  which  snow  is  retained 
into  the  summer  months;  (2)  streams  rising  in  the  mountains,  having 
deep  valleys  and  cirques  with  northern  exposures,  where  snow  is 
stored  and  held  during  the  whole  summer,  and  having  a  much 
heavier  rainfall  than  streams  at  lower  elevations;  (3)  streams  of  the 
Kougarok  region.  /.  study  of  the  following  tables  shows  several 
interesting  points.  In  general,  the  nearer  the  stream  lies  to  the 
central  mountain  mass  of  the  Kigluaik  Range,  the  greater  is  its  run- 
off. The  most  notable  exception  to  this  rule  is  Ilobson  Creek.  The 
flow  of  this  stream  comes  from  limestone  springs,  which  are  believed 
to  draw  some  of  their  water  from  areas  lying  outside  the  surface 
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drainage  basin  of  the  creek.  North  Star  Creek,  Fox  Creek,  and 
Nome  River  have  a  smaller  minimum  than  adjoining  streams  whose 
basins  have  a  similar  character  and  elevation.  This  is  probably  due 
to  their  more  direct  southern  exposure. 

There  is  a  striking  difference,  both  in  minimum  and  mean,  between 
streams  south  of  the  mountains  and  those  in  the  Kougarok  region. 
This  is  due  mostly  to  the  small  rainfall  north  of  the  mountain^). 
Budd  Creek  draws  all  of  its  flow  at  low  water  from  springs  and  so  has 
a  much  larger  minimum  than  other  streams  in  the  vicinity. 

These  tables  may  be  used  to  estimate  the  run-off  from  other 
streams  in  Seward  Peninsula,  but  such  estimates  must  be  made  with 
extreme  caution  on  account  of  the  great  difference  in  run-off  in  areas 
apparently  similar. 

The  streams  are  not  given  in  the  order  in  which  the  descriptions 
appear  in  the  text,  but  are  arranged  in  general  from  east  to  west  and 
from  higher  elevations  to  lower. 

Minimum  daily  flow  of  streams  in  Seward  Peninsula^  1906-7. 
STREAMS  RISING  IN  FOOTHILLS. 


1907. 


Iron  Creek  below 
mouth  of  Canyon 
Creelc. 

Eldorado  River  be- 
low mouth* of  Ve- 
netia  Creelc. 

Jett  Creek 

Copper  Creelc 

Nugget  Creek 

David  Creek 

Dorothy  Creek 

Hobson  Creek 

Slate  Creek  (tribu- 
tary to  Stewart 
River). 

Stewart  River , 

Snake  River 

Penny  River , 


Mini- 
mum 

run-off 
per 

square 
mile. 

Date. 

Mini- 
mum 
now. 

Sec.-/L 
33 

Mini- 
mum 

ran-ofl 
per 

square 
mile. 

Sec.-ft. 
0.34 

.86 

Aug.  11-14.. 

Sec.-fl. 

at* 

3 
.94 

Sept.  23 '       2.9 

1.3 

.46 
.77 
LI 

Aug.  10-11..         2.8 
Sept.30 8.3 

1.3 

1-9 

L05 
.32 

Aug.  19 14.3 

5l5 

i 

Aug.  12 77 

L9       Aug.  15 ,      33 


1.1 
L7 


a  Ivowest  measurements  obtained;  the  flow  was  less  on  certain  dates. 

h  The  lowest  flow  later  in  1906  was  3  second-feet,  or  1.4  second-feet  per  square  mile,  on  August  II. 
(-The  flow  of  Hobson  Creek  is  from  large  limestone  springs  whose  catchment  area  may  not  coincide 
with  the  surface  watershed. 


Digitized  by 


Google 


BELATIVE  RUN-OFF  OF  DIFFERENT  AREAS,  SEWARD  PENINSULA    97 

Minimum  daily  flow  ofgtreams  in  Seward  Peninsulaj  1906-7 — CJontinued. 
STREAMS  RISING  IN  KIGLUAIK  MOUNTAINS. 


Eleva- 
tlon. 

Drain- 
age 
area. 

1906. 

1907. 

Stream. 

Date. 

Mini- 
mum 
flow. 

Mini- 
mum 

run-off 
per 

square 
mUe. 

Date. 

Mini- 
mum 
flow. 

Mini- 
mum 

run-off 
per 

square 
mile. 

North  Fork  Grand 

Feet. 
750 

850 

925 
720 
«0 

ASR 

m3e9. 
5.4 

6.4 

1.8 
2.5 
14.6 

39 

24.4 

81 

Julyl 

Sept.  15-17.. 

Sept.  15-17.. 
Sept.  16-17. . 
Sept.  16-17. . 

Sept.  16-17. . 

Sec  ft, 
23 

19 

ai 

5 
47 

90 

8^x,ft, 
4.3 

3.5 

1.7 

2 

3.1 

2.3 

1.76 

4 

2.16 

3.5 
1.6 
1.3 
2.1 

Sec.  ft. 

Sec.  ft. 

Central  River  near 

ditch  Intake. 
West    Fork    Grand 

Central   River  at 

ditch  inUke. 
Crater  Lake  outlet . . 

Thompson  Creek 

Grand  Central  River 

below  forks. 
Grand  Central  River 

July  29 

Sept.2%-23.. 
Sept.  22-23. . 
Aug.  15 

28 

as 

5 
72 

6.2 

1.9 

2 

4.9 

below  NuggetCreek. 
Grand  Central  River  ! 

Sept.  16-17..       43 

1 

Sept.  16-17..       39 

Aug.  16 1      17.3 

Aug.  5 20 

Aug.  3 1        9.1 

between     station 
below    forks   and  , 
station  at  Nugget 
Creek. 

Knugamepa  River. .        442 

Crater  Creek. mo 

Oct.  5. 

178                   2.2 

1 

Fox  Creek 

550         11 
575         15 
800          4.4 
770  1     ftfi.2 

1              1 

'Nome  River 

Aug.  15 '      16      1             1.1 

Buffalo  Creek. 

Sinuk  River 

Aug.  3 20                3.2 

Aug.  15 '  o22      .              2.7 

North  Star  Creek.... 
Windy  Creek 

goo 

650 

2.3 
12 

Aug.  10 

Aug.  3 

2.9 
32 

1.26 
2.7 

Aug.7 

Aug.  15 

a4 
o32 

1.7 
2.7 

a  Minimum  In  mldseason. 


b  8.2  after  August  1, 1907. 


STREAMS  IN  THE  KOUGAROK  REGION. 


Kougarok  River  at 
Homestake  intake. 

Kougarok  River 
above  Coarse  Gold 
Creek. 

Taylor  Creek  at  Cas- 
cade intake. 

Henry  Creek  at 
mouth. 

North  Fork  above 
Eureka  Creek. 

Noxapaga  River. 

Turner  Creek 

Budd  Creek 


I 


Aug.  13.... 
Aug.  9-12.. 


74 Aug.  14. 

50  ' !  Aug.  13. 

66  ' Aug.  16. 


I 


340   Aug.  16. 

13  I I Aug.  15. 

58  I I Aug.  21. 


3.2 
16 

3.9 
6.8 
9.6 
62      , 

25      I 


ao7 

.06 

.06 

.14 

.16 

.18 
.05 
.43 


35283— IRK  218— OS- 
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Mean  run-off y  in  second-fed  per  square  miUj  at  gaging  stationsy  1906. 


Station. 

Drain- 
age 
area. 

July  1^1. 

July  1-4 
and  11-31. 

Aug.  1^1. 

Sept.  1-^. 

Sept.  lis. 

North  Fork  of  Grand  Central  River: 
Near  ditch  intake 

Sq.mi. 

5.4 
2.3 

5.4 

2.8 
1.8 
2.5 
14.6 

39 

81 

66 

a7.53 

6.80 
11.9 

6.02 
4.96 
6.56 
6.64 
5.84 

a4.42 

3.20 

2.62 
3.36 

5.SS 

Atpipe  intake    . . . 

9.65 

West  Fork  ol  Grand  Central  River: 
At  ditch  intake 

10.3 
9.64 

10.8 
8.20 
&36 

4.72 

At  pipe  intake 

» 

3.36 

Crater  Lake  outlet 

•»  ^*9 

Thompson  Creek 

3.04 

GranaCentral  River  below  forks 

4.25 

Grand  Central  River  below  Nugget 
Creek 

3.36 

Kruzgamepa  River  at  outlet  of  Salmon 
Lake 

7.05 

5.63 

3.  OS 

Between  Grand  Central  River  below  the 
forks  and  Knizffamepa  River  stations . 
Nome  River  at  Miocene  Intake 

2.79 

15 

3.43              2.71 

4.29 

a  Approximate. 

Mean  run-offy  in  second-feet  per  square  mUe,  at  gaging  stationSy  1907. 
STREAMS  RISING  IN  FOOTHILLS. 


Station. 

Drainage 
area. 

8q.  miUs. 
2.25 
2.1 
4.3 
2.6 

69 

19 

July  1-31. 

7.69 
2.71  1 
7.49  1 
8.69  1 
2.56 
4.14 

July  8-31. 

August. 

Sept.  1-30. 

Sept.  1-23, 

Jett  and  Copper  croeks 

Nugget  Creek 

■^  3.16 
2.95 
3.30 
6.58 
L56 

3.n 

4.27 
5.24 
4.81 
7.35 

David  Cnsek 

Ilobson  Creek 

Snake  River 

Penny  River 

3.74 

STREAMS  RISING  IN  KIGLUAIK  MOUNTAINS. 

North  Fork  Grand  Central 
River: 
At  the  forks 

6.9 
2.3 

7.7 
5.4 
2.8 
1.8 
2.5 

81 
15 

a6.2 
2.3 
12 

7.06 
16.9 

n.o 

ILl 
9.43 
13.6 
16.9 

a42 

1&9 

10.5 
9.30 
6.29 
14.4 
10.8 

4.14 
2.19 
5.49 
3.61 
4.93 

9.38 

At  pipe  intake 

ao.'* 

West   Fork   Grand   Central 
River: 
At  the  forks 

13.0 

At  ditch  intake 

9  38 

At  pipe  intake 

7  32 

Crater  Lake  outlet 

i 

11.7 

Thompson  Creek 

9  P 

Knizgamepa  River  at  outlet 
Salmon  Lake 

6.77 
4.81 
8.44 
6.43 
7.62 
1 

5.89 
3.89 

Nome  River atMiocene intake. 

Sinuk  River 

B.SR 

North  Star  Creek 

3.S7 

Windy  Creek 

5.68 

a  8.2  after  August  1. 
STREAMS  IN  THE  KOUGAROK  REGION. 


Station. 


Kougarok  River:  Sq.  miles. 

At  Homestake  intake 44 

Above  Coarse  Gold  Creek 250 

Taylor  Creek  at  Cascade  intake 74 


Sept.  1-30. 


1.80 
1.55 
1.61 
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THE  FAIRHAVEN  PRECINCT. 

By  Fred  F.  Henshaw. 

INTRODUCTION. 

The  Fairhaven  precinct,  comprising  a  large  area  in  northeastern 
Seward  Peninsula,  has  been  a  producer  of  placer  gold  since  1901 
and  promises  to  be  more  important  in  the  future.  No  stream-gaging 
work  has  been  done  in  this  district,  and  it  has  not  been  visited  by 
any  member  of  the  Geological  Survey  since  1903.  The  following 
notes  concerning  the  water  supply  and  the  hydraulic  developments 
that  have  been  carried  on  during  the  last  two  seasons  have  been 
compiled  from  reliable  sources. 

FAIRHAVEN  DITCH. 

The  Fairhaven  ditch  was  built  during  1906  by  the  Fairhaven 
Water  Company.  It  takes  its  water  supply  from  Imuruk  Lake, 
the  soiu'ce  of  Kugruk  River.  A  dam  about  500  feet  long  has  been 
constructed  across  the  outlet  of  the  lake  to  conserve  the  run-off. 

The  upper  section  of  the  ditch  is  17  miles  long,  the  first  8  miles  of 
which  is  through  a  lava  formation.  The  water  is  dropped  into  upper 
Piimell  River,  and  flows  down  this  stream  for  about  4  miles.  The 
lower  section  takes  the  water  from  Pinnell  River  on  its  right  bank 
and  extends  for  23  miles  to  Arizona  Creek,  where  a  head  of  500  feet 
is  obtained.  The  ditch  is  11  feet  wide  on  the  bottom  and  has  a 
grade  of  5  feet  to  the  mile. 

The  dam  across  Imuruk  Lake  was  closed  August  16,  1906,  and 
remained  so  imtil  August,  1907,  no  water  being  carried  in  the  ditch 
in  the  meantime.  The  water  surface  of  the  lake  rose  26  inches  during 
this  period.  The  area  of  the  lake  is  30  square  miles  and  that  of  the 
drainage  basin  99  square  miles.  The  run-off  was  therefore  41,600 
acre-feet,  equivalent  to  7.9  inches  in  depth  over  the  entire  drainage 
area.  This  would  furnish  58  second-feet  for  one  year,  210  second- 
feet  for  one  hundred  days,  or  263  second-feet  for  eighty  days.  The 
snowfall  during  the  winter  of  1906-7  was  heavier  than  usual,  so  that 
the  water  supply  for  other  years  may  be  less  than  this. 

The  above  information  was  furnished  by  W.  R.  Hoffman,  who  had 
charge  of  the  construction  of  the  Fairhaven  ditch. 
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CANDLE  DITCH. 

The  Candle  ditch  was  built  during  1907  by  the  Candle-Alaska 
HydrauUc  Gold  Mining  Company  to  furnish  water  for  mining  on 
Candle  Creek.  It  has  a  total  length  of  33.6  miles,  a  bottom  isridth 
of  9  feet,  and  a  grade  of  3.69  feet  per  mile.  The  estimated  capacity 
is  35  second-feet.  It  takes  its  supply  from  the  western  tributaries 
of  KiwaUk  River.  The  present  intake  of  the  ditch  is  on  Glacier 
Creek.  The  water  is  carried  across  Dome  Creek  in  a  siphon  2,250 
feet  long,  composed  of  28-inch  pipe ;  across  Bonanza  Creek  in  900 
feet  of  32-inch  pipe;  and  across  Eldorado  Creek  in  a  siphon  12,100 
feet  long,  composed  of  equal  lengths  of  35 J,  37 J,  and  39 J  inch  pipe. 
Eldorado  Creek  will  be  tapped  with  a  lateral  ditch  about  6  miles 
long.  An  extension  8.1  miles  long  of  6-foot  ditch  will  be  built  to 
Gold  Run.  It  will  also  be  possible  to  divert  the  flow  from  the  head- 
waters of  First  Chance  Creek,  a  tributary  of  Koyuk  River,  over  a 
low  divide  into  Gold  Run. 

The  fall  obtained  is  250  feet  at  the  mouth  of  Candle  Creek  and  132 
feet  at  the  mouth  of  Patterson  Creek.  The  surveyed  line  crosses 
Candle  Creek  about  1  mile  above  the  mouth  of  Willow  Creek.  Candle 
Creek  was  nearly  dry  during  1907,  the  flow  some  of  the  time  being  less 
than  half  a  second-foot. 

The  above  information  was  furnished  by  W.  L.  Leland. 

BEAR  CREEK  DITCH. 

A  ditch  was  built  in  1907  on  Bear  Creek,  a  tributary  of  the  West 
Fork  of  Buckland  River.  It  has  its  intake  below  the  mouth  of  May 
Creek,  and  extends  along  the  right  bank  to  Split  Creek,  diverting 
Eagle,  Polar,  and  other  small  creeks.  The  ditch  has  a  length  of 
about  6  miles,  a  bottom  width  of  6  feet,  and  a  grade  of  4  feet  to  the 
mile.     The  head  obtained  at  the  lower  end  is  about  200  feet. 
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THE  FAIRBANKS  DLSTRICT. 
By  C.  C.  Covert. 

DESCRIPTION  OF  AREA. 

The  area  known  as  the  Fairbanks  district  extends  about  60  miles 
to  the  north  of  Fairbanks  and  is  from  40  to  50  miles  in  width.  The 
greater  part  of  the  region  lies  in  the  lower  Tanana  basin,  but  a  por- 
tion to  the  northwest  is  directly  tributary  to  the  Yukon.  Generally 
speaking,  it  embraces  three  divisions — a  low,  broad  alluvial  plain,  a 
moderately  high  plateau,  and  a  mountain  mass. 

The  low,  broad  plain  forms  the  bottom  lands  of  the  lower  Tanana 
Valley,  which  in  this  section  is  divided  into  several  parts  by  the 
Tanana  and  its  slough-like  channels.  The  main  slough  starts  near 
the  mouth  of  Salcha  River,  about  30  miles  above  Fairbanks,  where 
it  diverts  a  portion  of  the  Tanana  waters.  Its  course  is  along  the 
foothills  of  the  plateau  to  the  north,  and  it  receives  Chena  River 
about  7  miles  above  Fairbanks.  The  plain  is  "swampy  in  character 
and  is  well  covered  with  timber  along  the  banks  of  the  streams.  In 
the  vicinity  of  Fairbanks  it  has  a  general  elevation  of  about  500  feet 
above  sea  level. 

The  plateau  is  drained  by  streams  tributary  to  Tanana  River, 
which  flow  through  rather  broad,  unsymmetrical  valleys,  most  of 
which  extend  in  a  northeast-southwest  direction.  Their  bottom  lands 
range  in  elevation  from  500  to  over  2,000  feet  above  sea  level,  and 
the  dividing  ridges  are  in  general  2,000  to  3,000  feet  above  the  stream 
beds.  That  portion  of  the  plateau  which  comes  under  discussion  in 
this  report  is  drained  principally  by  Little  Chena  and  Chatanika 
rivers.  The  upper  region  of  these  drainage  basins  is  crosscut  by  a 
zigzag  range,  which  separates  the  Yukon  from  the  Tanana  drainage. 

The  mountain  mass  to  the  north  of  this  plateau  forms  what  might 
be  termed  the  apex  of  the  divide  between  the  Tanana  and  the  Yukon 
drainage  basins.  It  rises  to  an  altitude  of  4,000  to  5,000  feet  above 
sea  level  and  its  corrugated  slopes  are  drained  principally  by  tribu- 
taries to  Yukon  River. 

All  drainage  areas  tributary  to  the  Tanana  are  similar  in  character. 
The  streams  have  little  slope  except  near  their  source.  Wide,  grav- 
elly beds  of  a  shifting  nature  and  tortuous  courses  keeping  to  one 
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side  of  the  valley  are  marked  characteristics.  The  channels  usually 
have  rather  steep  banks  that  form  approaches  to  broad,  level  bottom 
lands  which  extend  from  1,000  to  4,000  feet  or  more  before  they 
meet  the  abrupt  slopes  of  the  dividing  ridges.  The  drainage  basins 
are  from  4  to  15  miles  wide  and  are  well  cut  up  by  small  tributary 
streams  flowing  through  deep  and  narrow  ravines. 

A  large  portion  of  the  area  is  covered  with  a  thick  turf  known  as 
tundra,  which  is  wet,  spongy,  and  mossy  and  ranges  in  thickness  from 
6  inches  to  2  feet.  In  some  locaUties  this  is  meadow  like,  producing 
a  rank  growth  of  grass  and  a  variety  of  beautiful  wild  flowers.  Under- 
neath this  tundra  ground  ice  is  found  in  many  places,  particularly 
on  the  northern  slopes,  where  the  soil  is  scanty  and  there  is  little 
timber  or  other  vegetation.  The  soil  of  the  southern  slopes  is,  for 
the  most  part,  gravelly  clay,  underlain  by  a  mica  schist  which  affords 
suitable  ground  for  ditch  construction.  When  stripped  of  its  mossy 
covering,  the  sun  rapidly  thaws  it  so  that  the  plow  and  scraper  can 
be  used  to  advantage. 

Above  an  altitude  of  2,000  to  2,200  feet  practically  the  only  vege- 
tation is  a  scrubby,  bushy  growth  which  attains  a  height  of  2  to  4 
feet.  In  general  the  country  below  this  altitude  is  timbered  by 
spruce  and  birch,  with  scattered  patches  of  tamarack  and  willow 
along  the  banks  of  the  smaller  streams.  The  timber  increases  in 
density  and  size  as  the  river  bottoms  are  approached.  There  the 
prevailing  growth  is  spruce,  much  of  which  attains  diameters  of  18 
to  24  inches. 

The  Fairbanks  mining  district  lies  between  Little  Chena  and 
Chatanika  rivers.  It  embraces  an  area  of  some  500  square  niiles 
and  extends  about  30  miles  to  the  north  of  Fairbanks,  which  is  sit- 
uated on  Chena  Slough  nearly  12  miles  above  its  confluence  with  the 
Tanana.  The  producing  creeks  in  general  rise  in  a  high  rocky  ridge, 
of  w^hich  Pedro  Dome,  with  an  elevation  of  about  2,500  feet,  is  the 
center.  At  least  half  of  the  mines  are  located  at  an  elevation  of  over 
800  feet,  and  25  per  cent  over  1 ,000  feet,  above  sea  level. 

The  field  work  during  1907  in  the  Fairbanks  district  was  carried  on 
from  June  20  to  September  15.  Owing  to  the  lack  of  adequate 
funds  the  work  was  largely  that  of  reconnaissance.  However,  the 
keeping  of  systematic  records  on  some  of  the  more  important  streams 
was  made  possible  through' the  hearty  cooperation  of  people  who  were 
interested. 

After  making  a  careful  study  of  the  general  topographic  conditions 
of  the  mining  district  and  surrounding  country,  it  was  decided  to 
establish  a  few  regular  stations,  at  the  most  convenient  points  in  the 
larger  drainage  areas,  and  study  the  daily  run-off,  diu'ing  the  open 
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season  from  records  thus  obtained.**  This  plan  afforded  greater 
opportunity  for  procuring  comparative  data  than  that  of  covering  a 
larger  territory  in  a  less  definite  way.  In  this  country  without  stor- 
age,  daily  records  are  an  important  factor,  and  such  records  could 
not  have  been  obtained  over  an  extended  area.  Outside  of  the  pro- 
ducing creeks  the  coimtry  is  practically  a  wilderness,  and  it  is  almost 
impossible  to  get  observations,  other  than  those  made  on  the  occa- 
sional visits  of  the  engineer.  No  daily  or  even  weekly  records  in 
such  areas  could  have  been  assured  and  the  results  obtained  from 
the  occasional  measurements  would  have  furnished  no  comprehen- 
sive idea  as  to  the  actua}  daily  run-off  of  the  streams  throughout  the 
open  season. 

CONDITIONS  AFFECTING  WATER  SUPPLY. 

Stream  flow  in  the  Fairbanks  district  is  affected  by  melting  of 
accumulated  snow  and  ice,  summer  rains,  and  melting  of  ground  ice. 
In  this  district  the  break-up  begins  about  the  middle  of  April  and  the 
rise  in  the  streams  commences  about  the  middle  of  May  and  con- 
tinues intermittently  until  May  30,  or  thereabouts,  when  the  maxi- 
mum discharge  occurs.  The  table  on  page  109  shows  the  daily  gage 
height  of  Chena  Slough  at  Fairbanks  during  the  open  season  of  1907. 
A.  D.  Gassaway,  of  the  Chatanika  Ditch  Company,  estimated  the 
maximum  flow  of  Chatanika  River  near  the  mouth  of  Faith  Creek  at 
about  1,250  second-feet  and  stated  that  this  discharge  occurred  about 
May  30.  After  that  date  the  flow  gradually  decreased  until  the 
minimum  stage  was  reached,  about  July  10. 

The  precipitation  records  kept  at  Fairbanks  since  1905  (see  table 
p.  143)  show  that  snowfall  in  this  section  amounts  to  about  40  inches. 
On  account  of  the  frozen  ground  and  the  steady  cold  weather,  very 
little  of  this  snow  runs  off  before  the  spring  break-up.  What  run-off 
there  is  during  the  winter  season,  especially  in  the  upper  basins,  is 
accumulated  in  the  glacial  ice  formed  in  the  stream  beds.  This  ice 
does  not  entirely  disappear  before  the  middle  or  last  of  July. 

There  are  few  data  regarding  rainfall  in  this  section.  Records  have 
been  kept  at  Fairbanks  since  1905  and  in  connection  with  the  in- 
vestigations of  stream  flow  the  Geological  Survey  established  four 
stations  in  1907.  The  daily  and  monthly  rainfall  at  these  points  is 
given  in  the  tables  on  pages  140  to  141.  A  comparison  of  the  1907 
rainfall  records  throughout  Alaska,  especially  those  of  the  interior, 
with  records  previously  obtained  will  show  that  the  season  was  a 
comparatively  normal  one. 


aFor  explanation  of  data  and  niclhod:$  of  work  sw.  p.  9. 
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The  melting  of  frozen  ground  affords  a  slight  additional  supply  of 
water  to  the  streams.  The  frozen  muck  and  ground  ice,  which  earn' 
a  large  percentage  of  water,  are  well  protected  by  a  thick  coat  of  moss, 
through  which  it  is  difficult  for  the  heat  of  the  summer  sun  to  jjene- 
trate.  As  the  season  advances  the  imprisoned  moisture  is  liberated 
through  the  combined  influence  of  abundant  sunshine  and  frequent 
warm  rains.  This  gradual  thawing  of  frozen  ground  is  made  notice- 
able not  only  by  the  increase  of  the  daily  flow  of  the  streams,  but  also 
by  the  condition  of  the  trail  and  the  increased  depth  to  which  one 
sinks  when  traveling  over  the  tundra.  On  the  northern  slope  and  in 
the  deep  canyons,  which  are  protected  from  the  rays  of  the  sun,  the 
frozen  ground  never  thaws  more  than  a  few  inches,  even  during  July 
and  August,  when  the  sun  shines  nearly  twenty-four  hours  a  day. 

Owing  to  the  shallow  depth  to  which  the  ground  thaws,  the  pre- 
vailing mossy  covering  affords  the  only  ground  storage  for  rainfall  in 
this  country.  This  covering  is  filled  with  seepage  from  ground  thaw 
and  consequently  any  increase  in  the  water  supply,  through  rainfall, 
finds  its  way  to  the  streams  in  a  very  short  time  over  the  under- 
ground ice  and  steep  slopes  of  the  drainage  basins,  causing  streams 
to  rise  and  fall  very  rapidly.  (See  fig.  2.)  Because  of  this  lack  of 
ground  storage  the  streams  depend  largely  on  rainfall  for  their  sup- 
ply, after  the  snow  and  ice  have  disappeared  in  the  spring  break-up. 
May,  June,  and  'July  are  invariably  months  of  slight  rainfall  in  the 
interior  (see  p.  140)  and  the  streams  soon  reach  a  very  low  stage.  Yet 
this  is  the  most  important  period  for  the  miner.  The  long  hours  of 
daylight  and  the  warm  weather  afford  favorable  opportunities  for 
mining  and  sluicing,  but  the  abundant  supply  of  water  needed  for 
this  purpose  is  often  lacking. 
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WATEB  SUPPLY  IN  ALASKA,  1906-1901. 
QAQING  STATIONS. 


The  following  list  gives  the  points  in  the  Fairbanks  district  at 
which  gages  were  established  or  discharge  measurements  made  in 
1907.    The  numbers  refer  to  PI.  IX: 

Gaging  stations  in  Fairbanks  district. 


1.  Little   Chena   River  about  2  miles 

above  Elliott  Creek. 

2.  Elliott  Creek  above  mouth  of  Sorrels 

Creek. 

3.  Sorrels  Creek  above  mouth. 

4.  Fish  Creek  above  Fairbanks  Creek. 

5.  Bear  Creek  near  mouth  of  Tecumseh 

Creek. 

6.  Fairbanks  Creek. 

7.  Miller  Creek  near  mouth. 

8.  Miller  Creek  below  Heim  Creek. 

9.  Miller  Creek  above  Heim  Creek. 

10.  Charity  Creek  1  mile  above  mouth  of 

Hope  Creek. 

11.  Hope  Creek  near  mouth  of  Zephyr 

Creek. 

12.  Faith  Creek  at  weir  near  mouth. 

13.  McManus  Creek  above  Montana  Creek. 

14 .  McManus  Creek  below  Montana  Creek . 

15.  McManus  Creek  1  mile  below  Idaho. 
Ifi.  McManus  Creek  500  feet  above  mouth 

of  Smith  Creek. 

17 .  McManus  Creek  below  mouth  of  Smith 

Creek. 

18.  McManus  Creek  at  mouth. 

19.  Smith  Creek  below  mouth  of  Pool 

Creek. 

20.  Smith  Creek  above  mouth  of  Pool 

Creek. 

21.  Pool  Creek  above  mouth. 

22.  McManus  Creek  at  weir  near  mouth. 


23.  Chatanika  River  below  Faith  and  Mc- 

Manus creeks. 

24.  Boston  Creek,  elevation  800  feet. 

25.  McKay  Creek,  elevation  800  feet. 

26.  Belle  Creek,  elevation  800  feet. 

27.  Crooked  Creek  near  mouth. 

28.  Kokomo  Creek  near  mouth. 

29.  Poker  Creek  near  mouth. 

30.  Poker  Creek  near  elevation  800  feet. 

31.  Little  Poker  Creek  above  mouth. 

32.  Caribou  Creek  above  mouth  of  Little 

Poker  Creek. 

33.  Chatanika    River   below   mouth    of 

Poker  Creek. 

34.  Cleary  Creek  near  Cleary. 

35.  Little  Eldorado  Creek  above  trail  to 

Dome. 

36.  Dome  Creek  near  Dome. 

37.  Goldstream  Creek  at  claim  6  below. 

38.  Fox  Creek  near  elevation  900  feet. 

39.  Beaver  Creek  above  mouth  of  East 

Branch. 

40.  East    Branch    Beaver   Creek    above 

mouth. 

41.  Nome  Creek  1  mile  above  mouth. 

42.  Bryan  Creek,  elevation  1,800  feet. 

43.  Trail    Creek    about   4    miles    above 

mouth. 

44.  Brigham  Creek  1  mile  above  mouth. 

45.  Fossil  Creek  near  mouth. 


LITTLE  CHENA  RIVER  DRAINAGE  BASIN. 
GENERAL   DESCRIPTION. 

The  southern  slope  of  the  divide  between  the  Chatanika  and  Chena 
drainage  basins,  from  the  headwaters  of  Smith  and  Flat  creeks  to 
Pedro  Dome,  a  distance  of  about  25  miles,  is  drained  by  Little  Chena 
River  and  its  tributaries,  Elliott  and  Fish  creeks.  The  drainage  basin 
is  irregular  in  shape  and  has  a  network  of  small,  ramifying  streams 
with  steep,  precipitous  slopes  in-  their  upper  drainage.  The  upper 
portion  of  the  main  stream  is  also  steep,  having  a  fall  of  100  to  150 
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feet   to  the  mile.     This  slope  decreases  rather  abruptly  to  about  18 
feet  to  the  mile  in  the  vicinity  of  Elliott  and  Fish  creeks. 

Xtie  general  course  of  the  stream  above  the  confluence  of  Fish  Creek 
is  tbrough  a  rather  broad,  unsymmetrical  valley.  Below  Fish  Creek 
the  river  takes  the  center  of  a  deep,  narrow  channel  for  about  8  miles 
to  the  point  where  Anaconda  Creek,  an  important  tributary  from  the 
left,  enters.  Below  this  point  the  valley  gradually  widens  until  the 
stream  enters  the  lowlands  tributary  to  Chena  River,  into  which  it 
empties  6  or  8  miles  above  the  confluence  of  Chena  Slough.  Through 
this  slough  it  discharges  its  waters  into  the  Tanana  near  the  town  of 
Chena. 

In  the  low-water  period  the  stream  has  a  channel  width  of  30  to  75 
feet  and  flows  from  side  to  side  of  a  broad,  gravelly  bed  ranging  from 
100  to  300  feet  in  width.  The  channel  is  defined  by  steep,  alluvial 
banks  forming  the  approach  to  the  heavily  timbered  bottom  lands  of 
the  river  valley  which  prevail  above  the  confluence  of  Fish  Creek. 
In  the  high-water  stages  the  broad  river  bed  is  filled  to  its  banks 
and  often  overflows  them.  During  this  stage  the  river  seeks  numer- 
ous smaller  channels  that  surround  heavily  wooded  islands. 

The  greater  part  of  the  drainage  basin  is  well  covered  with  timber, 
that  in  the  uplands,  on  the  slopes  and  smaller  divides,  consisting  of 
spruce,  birch,  and  poplar,  suitable  only  for  fuel  and  cabin  purposes. 
In  the  lower  valleys  and  creek  bottom  lands  the  prevailing  growth 
is  spruce,  much  of  which  is  suitable  for  milling  purposes. 

The  area  is  invariably  covered  with  the  conventional  moss,  but 
here  and  there  outcroppings  of  limestone,  mica  schist,  and  gravel  are 
found  on  the  slopes.  In  the  creek  valleys  the  mossy  covering  is 
usually  imderlain  with  frozen  muck  and  glacial  ice.  Numerous 
swamp  areas  occur  near  the  river  banks,  and  these,  together  with 
the  heavy  growth  of  timber,  make  travel  very  difficult. 

Gaging  stations  were  established  on  Fish  Creek  above  the  mouth 
of  Fairbanks  Creek,  on  Elliott  Creek  above  the  mouth  of  Sorrels 
Creek,  on  Sorrels  Creek  above  its  mouth,  and  on  the  Little  Chena 
about  2  miles  above  the  mouth  of  Elliott  Creek.  Much  credit  is  due 
Sherman  White,  the  observer,  for  his  faithful  work  in  making  approx- 
imately daily  observations  at  each  of  these  stations. 

A  project  is  imder  way  to  collect  the  waters  from  the  different 
tributaries,  at  an.  elevation  of  about  900  feet,  and  to  convey  the 
supply  by  ditch  line  to  a  point  in  the  lower  drainage  area,  on  the 
right  bank  of  the  Little  Chena,  where  a  fall  of  nearly  200  feet  can 
be  obtained.  A  portion  of  the  water  so  collected  is  to  be  used  in 
developing  electric  power  for  transmission  to  the  producing  creeks, 
and  the  excess  water  will  be  carried  by  ditch  line  to  Smallwood  and 
Nugget  creeks  and  used  for  mining  purposes. 
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The  following  table  gives  the  horsepower  (80  per  cent  efBciencvi 
per  foot  of  fall  that  may  be  developed  at  different  rates  of  discharge. 
and  shows  the  number  of  days  on  which  the  discharge  and  the  cor- 
responding horsepower  were  respectively  less  than  the  amounts 
given  in  Hie  columns  for  ** discharge''  and  '* horsepower." 

Discharge  and  horsepower  table  for  Little  Chena  River  and  iributariesy  I907. 


Disohargo.  « 

I[or8epower 

(SOper  cent 

efficiency) 

per  foot  fall. 

6 
8 
10 
12 

Days  of  deft- ' 
clent  dis-    '          rki««Ko,««  « 
chawe.Julv,          Discharge.- 
22  to  Sept.  10.^ 

Horsepower 

(SOper  cent 

efliclency) 

per  foot  fall. 

Days  of  defi- 
cient di*- 
charipe.  Ju'v 
22  to  Sept.  lii. 

Sec.-ft. 

m 

0 

7 

15 

23 

Sec, -ft. 
154 

14 
16 
18 
20 

35 

88 

176 

42 

110 

108 

45 

132 

220 

4S 

a  This  includes  the  flow  of  Little  Chena,  Elliott,  Sorrels,  and  Fish  creeks. 


Drainage  areas  of  Little  Chena  River  basin.a 


I 

Stream  and  location.                                                   ,  Area. 

I 

1 8g.  miUs, 

Little  Chena  River  above  gaging  station I  79. 0 

Little  Chena  River  from  gaging  station  to  uiouth  of  Elliott  Creelc '  3. 6 

Elliott  Creek  above  gaging  station }  13. 8 

Sorrels  Creek  above  gaging  station '  21. 0 

Elliott  Creek  from  gaging  station  to  mouth 1  3. 8 

Total  Elliott  Creek 38  6 

Little  Chena  River  from  mouth  ol  Elliott  to  Fish  Creek I  6. 0 

Fish  Creek  above  Bear  Creek j  23. 6 

Bear  Creek  above  mouth i  12. 0 

Fish  Creek  from  Bear  Creek  to  gaging  station I  16 

Fish  Creek  above  gaging  station i  39. 2 

Fairbanks  Creek  above  mouth 20. 5 

Fish  Creek,  Fairbanks  Creek  to  Miller  Creek '  13. 0 

Miller  Creek  above  mouth |  16  5 

Fish  Creek  from  Miller  Creek  to  mouth ,  1.0 

Total  Fish  Creek I  90.2 

Little  Chena  from  mouth  of  Fish  Creek  to  Anaconda  Creek I  3a  7 

Anacoudii  Creek  above  mouth 43. 3 

Little  Chena  from  Anaconda  Creek  to  mouth • I  113. 2 

a  From  reconnaissance  map  Yukon-Tanana  region,  Fairbanks  quadraiijle. 


Total 
area. 


Sq.mUet, 

79-0 
S2.6 


121-2 
127.2 


217-4 
248.1 
291.4 
404.6 


CHENA    SLOUGH    AT   FAIRBANKS. 

Near  the  mouth  of  Salcha  River  a  portion  of  the-Tanana  waters 
are  diverted  through  a  sloughlike  channel  about  50  miles  in  length, 
that  separates  the  broad  flat  lands  to  the  right  into  two  parts.  The 
channel  receives  the  drainage  of  the  plateau  to  the  north  and  about 
midway  in  its  course  Chena  River  enters.  Below  this  point  the  chan- 
nel is  known  as  Chena  Slough.  It  affords  a  passageway  for  the 
Tanana  steamers  from  its  mouth  near  Chena  to  Fairbanks,  12  miles 
above,  except  in  times  of  low  water,  when  the  cargoes  are  transferred 
at  Chena  to  the  Tanana  Mines  Railroad. 

A  gage  fastened  to  the  highway  bridge  in  Fairbanks  is  read  twice 
each  day  during  the  open  season  by  employees  of  the  Northern  Navi- 
gation Company. 
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D€uly  gage  height,  in  feet ,  of  Chena  Slough  near  Fairbanks  ^  Alaska  j  1907 


Day. 


May.  June.  July.   Aug.  Sept. 


1 

...; i  5.3 

2.4 

3.2 

1.9 

2 

6.2 

2.6 

3.4 

1.8 

3 

5.1 

2.8 

3.9 

4 

4.6 

2.8 

3.8 

5. 

1     ...        4.0 

2.6 
2.1 

3.8 
3.9 

(i 

.--.' 1     4.8  1 

- 

6.6 

2.2 
2.3 

4.0 
4.0 

8 

4.8  1 

9 

4.4' 

2.2 

4.1 

10 

...J 4.0 

2.0 

4.1 

1.8 

U 

1    3.9 

2.1 

4.1 

2.0 

12 

'    4.1 

2.1 

a9 

2.0 

13 

4.1  1 

2.3 

3.6 

3.3 

14 

3.9 

2.6 

3.6 

6.3 

15 

3.8 

2.9 

3.6 

4.6 

16 

-1 i    3.6 

3.1 

3.5 

4.3 

Day. 


May.  June.  July.  Aug.   Sept 


17 3.6 

18 3.8  I 

19 I  3.1  ' 

20 2. 6 

21 2.1  I 

22 2.0 

23 2.8 

24 ,     5.6  1.5  j 

25 6.8  i  1.4  1 

26 !    5.6  I  1.5  I 

27 '     6.2  1.2 

28 4.6  I  1.3  ^ 

29 ,     4.1  I  1.5  I 

30 i    6w5  '  2.0  i 

31 6.9' ' 


3.C  . 
2.9 
2.7 
2.6  I 
2.8 
3.1  . 

3.4  ' 

3.5  I 
3.6 

ac 

3.3 

3.1  ; 
3.0 
3.0  I 
3.0 


3.4 

3.3 

3.1 

3.1 

3.1 

3.3 1 

3.11 

3  0 

2.5 ' 

2.2  t 

2.1 

2.0 ' 

1.8 

1.8  I 

1.8 


6.1 

6wO 
4.8 
4.0 
3.8 
3.9 
4.0 


LITTLE   CHENA   RIVER   ABOVE   MOUTH   OP   ELLIOTT   CREEK. 

A  gaging  station  was  established  on  Little  Chena  River  about  2 
miles  above  the  mouth  of  Elliott  Creek  July  22,  1907.  At  this  point 
the  channel  is  from  30  to  50  feet  in  width  during  low  and  medium 
stages.  It  has  a  gravelly  bed  and  is  fairly  straight  for  about  100 
feet.  A  stake  graduated  to  feet  and  tenths  was  driven  near  the  left 
side  and  daily  readings  were  taken. 

Discharge  measurements  of  Little  Chena  River  above  motUh  of  Elliott  Creeky  1907, 


Date. 


July  22.... 
July  24.... 
Aupist  4." 
.VupiistS. 
.Vugu.<)t  20 


Width. 


Area  of 
section. 


Oage 
height. 


Diacliarge. 


Feet. 
23.5 
23.5 
40.0 
33 
25 


Sq.'ft. 

Feet. 

26.6 

0.60 

28.7 

.565 

42.2 

1.10 

37.2 

1.05 

28.0 

.73 

Sec.-ft. 
44.2 
39.7 
113 
103 
56.7 


^aily  gage  height  and  discharge  of  Little  Chena  River  above  mouth  of  Elliott  Creek,  1907. 
[Elevation,  800  feet;  drainage  area,  79  square  miles.] 


Day. 


July. 

A 

2 

:| 

Xi 

4 

A 

1 

t 

\  1 

0 

A 

•     C 

August.         September. 


I 

5 


Day. 


July. 


August.       Soptombcr. 


Feet.  8ec.-ft.  Feet.  ^Sec.-fl.  Feet.  Sec.-fl. 

■  n  T      I  CO    I    I    n  HE 


t 


3^ 

o 


5 


5 


1...                    

0.7 

•> 

t.3 

:*.:;;;  :": ::*: 

1.1 

\ ::i ,. :.... 

1. 1 

.5:::;  1      '  ; : : 

1.1 

»i 

1.0 

7 ' 1 

1.05 

J.....:     :  J  

1.1 

9 

1.2 

10 1  

1.1 

11 ' 

1.0 

12? ... . 

.9 

13.. 

1  0 

H 1     . 

.8 

15. ! 

0 

iri , 

.8 

IS 

19 i 1 

63 
157 
113 
113 
113 

95 
104 
113 
134 
113  I 

95 

80 

95 

66 

80 

66 

66 

eo 

60 


1.0 

.9 

.9 

.8 

.9 

.96 

.95 
1.0 


1.0 


Mean 

Run  -  off    piT 

square  mile.. 
Run-oft,  depth 

In  Inches 


1  Feet.  Sec.-ft }  Feet.  Sec.-ft.  Feet.  Sec.-ft. 
53  I 


1  aeo 

42 

42 



60 

42 

60 

42 

90 

80 

SO 

66 

70 

53 

60 

42 

(50 

42 

1     -^ 

42 

1.0 
.9 
.9 


1.0 
1.0 


53  I. 
53 

53  '. 

53  ;. 

73  I. 

95  . 

80  ,. 

80  . 

88  . 

9.')  . 

9.')  . 


049.3  • I    85.4 


.625 
.23 


l.CS 

I 
1.24 


6^6.2 


.09 
.40 


o  July  22-31. 


b  Septpnil)pr  1  to  10, 
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ELLIOTT   CREEK  ABOVE   MOUTH  OP   SORRELS    GREEK. 

Elliott  Creek  takes  the  drainage  from  the  southern  slope  of  Twin 
Butte  Hills,  in  the  Chatanika  divide,  and  flows  in  a  southerly  direct 
tion,  discharging  its  waters  and  those  of  Sorrels  Creek,  its  tributary, 
into  the  Little  Chena  about  4  miles  above  the  mouth  of  Fish  Creek. 

The  drainage  area  is  steep  in  its  upper  reaches  and  well  timbered 
in  the  creek  bottom.  The  stream  flows  in  a  narrow  channel,  rather 
deeply  cut,  and  the  banks  are  lined  with  willow  and  small  spruce. 

A  gaging  station  was  established  about  half  a  mile  above  the 
mouth  of  Sorrels  Creek  July  22,  1907,  and  regular  readings  were 
taken. 

Discharge  measureTnenls  of  Elliott  Creek  above  moulh  of  Sorrels  Creeik,  19(37. 

Date. 


Daily  gage  height  and  discharge  of  Elliott  Creek  above  mouth  of  Sorrels  Creek,  19(J7. 


[Elevation, 

300  feet;  drainage  area,  13.8  square  miles.] 

smber. 

July. 

August,     i  September.  | 

• 

July. 

Am 

1 

^st.       Septi 

Day. 

i 

1 

1 

Sec.'ft. 
9.0 
23 
23 
17.2 
12.3 
12.3 
12.3 
12.3 
15.6 
12.3 
12.3 
9.0 
12.3 
12.3 
9.0 
9.0 
9.0 
7.4 
7.4 

1 

1 : 

Day. 
20 

t 
1 

Feet. 

^ 

1 

Feet. 

1 

1 

Feet.  Sec.'ft. 

Feet. 
1.7 

Feet. 
1.8 
1.8 
1.7 
1.7 
1.7 

"1.7 

Sec.'ft.  ! 
12.3  1 
12.3 
9.0 
9.0 
9.0; 
9.0, 
9.0l 
9.0 
10.0  1 
12.0  1 

Sec.'ft. 

Feet. 

1.6 

Sec.-fl. 
5/8 
5.8 
5.8 
6.8 
5.8 
7.4 
9.0 
9.0 

Sec-fL 

2. 

2.1 
2.1 

21 

1.6 
1.6 
1.6 
1.6 

■i.7" 

1.7 
1.8 



3 

22 

23 

24 

25 

26 

27 

28 

29 

30 

1.6 
1,6 
1.6 
1.6 
1.7 
1.7 
1.6 
1.6 

5.8 
5.8 
5.8 
5.8 
9.0 
9.0 
5.8 
5.8 
4.1 

4 

5 

1.8 
1.8 

.   .  . 

6 

... 

7 

8 

1.8 
1.9 

9... 



12,3 
12.3 
12.3 
12.3 

10 

. 

8 

11 

1.8 
1.7 
1.8 
1.8 
1.7 
1.7 

12 

1 

31 

1.5 

2.5  1  1.8 

13.. 

1 

14 

1 

Mea 

n      , 

05.9! 

11.0 

0.797 

.92 

^10.0 

15 

1 

Run-off  per 
square  mile.. 

Run-off,  depth 
in  inches 

0.43 
.16 

16 

0.734 

17 

18 



.27 

19 

16.5 

' 

o  July  22  to  31. 


b  September  1  to  10. 


SORRELS    CREEK. 


Sorrels  Creek,  a  tributary  to  Elliott  Creek  about  3  miles  above  its 
mouth,  rises  in  the  Chatanika  divide,  to  the  west  of  Flat  Creek,  and 
flows  westward  along  this  divide  for  about  5  miles,  then,  by  an  abrupt 
bend  to  the  left,  it  takes  a  southerly  course  for  about  6  miles  to 
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Elliott  Creek.  The  stream  flows  in  a  narrow  irregular  channel, 
rather  deeply  cut  in  the  mucklike  bottom  lands,  and  is  well  hidden 
from  view  by  the  masses  of  spruce  and  willow  along  its  banks. 

A  gaging  station  was  established  on  this  stream  about  one-half  mile 
above  its  mouth  July  23,  1907,  and  regular  readings  were  taken. 

Discharge  metuuremenU  of  Sorrels  Creek  near  motilh,  1907. 


Date. 


July  23 

August  5. . 
August  20. 


Width. 


Feet.    . 
11.0  ' 
17.0 
12.0  I 


Area  of 
section. 

hefgSt. 

16.8 
10.7 

Feet. 
1.00 
1.40 
1.02 

Dlschaige. 


Sec.-n. 
10.3 
28.2 
12.0 


Daily  gage  height  and  discharge  of  Sorrels  Creek  near  mouthy  1907. 
[Eleyation,  800  feet;  drainage  area,  21  square  miles.] 


July. 


August.       September,  i 


Day. 


!  I  f 


O 

ft       o 

1.... 

[Fee,. 

Sec.-ft.  Feet. 
1.1 

2.... 

1.4 

3.... 

1  1.4 

4.... 

...1 

1.6 

5.... 

1 

1  1.36 

6.... 

.     .1 

'  1.3 

7..:::  I.;....!--.. 

8 1 

1.3 

9..::   1. . 

!  1.4 

10 

1  1.3 

11...      1  .    . 

:..:  1 1.3 

12 

1.2 

13 ! 

:  1.2 

14.... 

1 

1  1.2 

15.... 

1.1 

16.... 



'  1.1 

i7...:;::::::::i:::;;;:i.:.:.. 

18 

19 

Sec.'fi. 
14.7 
27.8 
27.8 
32.1 
26.6 
23.4 
23.4 
23.4 
27.8 
23.4 
23.4 
19.0 
19.0 
19.0 
14.7 
14.7 
14.7 
12.6 
10.3 


I 


1 

t 

1 

1 

o 

Q 

Feet. 

Sec-fl. 

1.2 

19.0 

1.2 

19.0 

14.7 

14.7 

14,7 

14.7 

14.7 

14.7 

14.7  , 

19.0 

Day. 


July. 


August. 


Feel.  See.'/t. 


1.0 
1.0 
1.0 
1.0 
1.1 
1.1 
1.0 
1.0 


10.3 
10.3 
10.3 
10.3 
14.7 
14.7 
10.3 
10.3 
8.2 
6.0 


Feet.  Sec.'ft. 
1.0  I    10.3 


1.0 
1.0  , 
1.0 
1.0 


1.1  I 

1.1 

1.2 


1.2 


10.3 
10.3 
10.3 
10.3 
12.6 
14.7 
14.7 
19.0 
19.0 
19.0 
19.0 


September. 

*i  "I 


Feet. 


8ec.-fl. 


Mean.... 
Run-off  per 

square  mUe.. 
Run-off  depth 

in  inches 


010.6 

0.600 

.19 


.      18.2  I. 

.1  0.867 

I 
.1  1.00 


M6 
.788 


a  July  22-31. 


fr  Sept.  1-10. 


FISH   CREEK  ABOVE    MOUTH   OF   FAIRBANKS   CREEK. 

Fish  Creek  rises  in  the  high  ridge  at  the  head  of  Goldstream  Creek 
and  flows  in  a  northeasterly  direction  through  an  irregularly  formed 
valley.  About  14  miles  below  its  source  it  makes  an  abrupt  bend  to 
the  right,  flowing  around  the  point  of  a  rather  steep  divide  that  sep- 
arates its  drainage  from  that  of  the  Little  Chena,  into  which  it  dis- 
charges about  2  miles  below  this  bend.  Its  principal  tributaries  are 
Solo,  Bear,  Fairbanks,  and  Miller  creeks,  all  from  the  left.  These 
streams  are  rather  steep  in  their  upper  courses  but  rapidly  lessen  in 
slope  as  Fish  Creek  Valley  is  approached.  Fish  Creek  has  a  tortuous 
course  and  closely  follows  the  right  side  of  the  valley,  having  a  rather 
broad,  marshy  bottom  land  on  the  left. 
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A  gaging  station  was  established  a  short  distance  above  Fairbanks 
Creek  July  22,  1907  (see  Pis.  IX;  XI,  B),  and  regular  readings  were 
taken. 

Discharge  measwremenU  of  Fish  Creek  above  mouth  of  Fairbanks  Creek,  1907. 


Date. 


July  21... 
July  25... 
Augusta. 
August  4. 
August  19 


Daily  gage  height  and  discharge  of  Fish  Creek  above  mouth  of  Fairbanks  Creek,  1907. 
[Elevation,  925  feet;  drainage  area,  39  square  miles.] 


July. 


Day. 


t 


August.     I  September. 


5 


Feel.  Sec.'ft.  Feet.  Sec-ft, 
'  "  -  155 

100 
39 
35 
37 
39 
47 
35 
50 
50 


1  .     . 

1  3.2 

2 

1  2.4 

3 

>  1.4 

4 1... 

1  1.3 

s:::::::::::-  :::::::! 

6 

:::::::::  1.4 

7 

1.65 

8 

!  1.3 

9 1... 

..' 1  1.6 

10    :  1 

1             lift 

11 '..., 

JJ      1 

'     .         ,1.2 

13              1 

,  1.1 

14. '.'.'.... \..'. 

..; 1.1 

15 

..1 l.l 

16 

::;:::.::  i.o 

17     .    . 

1                1   1.0 

18 1 1- 1 

19 1... 

..1 1.0 

1 1  I 

iQ  at 

I  I  I. 

O  I  ft 


j 
Feet.  Sec.'ft. 


Day. 


1.0  ' 
1.0  ' 
1.0  I 

1.0  I 

1.1  1 
1 


,  20. 
,21. 
'22. 
123. 


I 


I 


1.1 
1.1 
1.3 


24  ' 

24  I 
24 

•24  I 

27  |124. 

27  ,   25. 

27  , 
27 
27 


July. 


August.       September. 


f  ' 


ill 


Feet.  Sec-ft, 


27. 

28. 
35  I  29. 
,30. 
,31. 


1.0  1 


1.0  ' 

1.1  t 
1.0  I 

1i 

.8  ' 
.8  , 


2.6      a  115 


I            Mean.... 
I  Run-otI     per 
I     square  mile.. 
!  Run-off,  depth 
In  inches 


6  22.5 
.577 
.21 


.a 

I 

o 


!  ^ 


J3 


r 


1.0 
1.0 


Feet.  Sec.'ft.^  FrrL  Src-ft. 

24  ' 

24  

24 ; 

24  ! 

24  I 

27  , 

27  ! 

24  I 

24  I". 

27 ; 


1.0 
1.1 
1.1 
1.0 
1.0 


1.2  I 
1.1  1 


31 

27  I 


i.S  ' C26.6 


.944 
1.00 


.682 
.25 


I 


a  Not  included  In  mean. 


tJuly22to31. 


cSept.  1  to  10. 


BEAR   CREEK. 

Bear  Creek  rises  in  the  high  divide  at  the  head  of  Goldstream  Creek, 
flows  eastward  through  a  deep,  narrow  valley,  and  empties  into  Fish 
Creek  about  one-half  mile  above  the  gaging  station.  Measurements 
were  made  on  this  creek  below  the  mouth  of  Tecumseh  Creek  as  fol- 
lows: July  20,  8.4  second-feet;  August  22,  7  second-feet;  drainage 
area,  12  square  miles;  run-off  per  square  mile,  0.70  and  0.584  second- 
foot,  respectively. 

FAIRBANKS    GREEK. 

Fairbanks  Creek  rises  on  the  eastern  side  of  Pedro  Dome,  opposite 
the  headwaters  of  Cleary  Creek,  and  flows  in  an  easterly  direction  for 
about  10  miles  to  Fish  Creek.     It  is  separated  from  Bear  Creek  on  the 
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right  by  a  steep,  high  ridge,  rising  from  800  to  1,000  feet  above  the 
stream  bed.  The  valley  to  the  left  has  a  more  gradual  slope  and  is 
drained  by  several  small  tributaries — Moose,  Crane,  Alder,  Walnut, 
and  Deep  creeks.  The  stream  has  rather  steep  slopes  in  its  upper 
course.  Below  M&ose  Creek  the  average  fall  is  about  75  feet  to  the 
mile.  The  stream  flows  close  to  the  dividing  ridge  on  the  east  until 
it  approaches  the  broad  lowland  near  Fish  Creek.  The  lower  portion 
flows  through  a  narrow,  deep-cut  channel,  thickly  lined  with  willow 
and  spruce. 

Discovery  claim  is  located  near  Alder  Creek.  Mining  operations 
are  carried  on  from  claim  9  above  to  claim  13  below.  The  pay  streak 
follows  closely  to  the  stream  channel  down  to  claim  9  below,  where  it 
swings  to  the  left  limit.  Above  claim  2  below  most  of  the  work  is 
by  the  c  pen-cut  method.  Below  this  point  it  is  underground  by 
drifting.  The  following  measurements  were  made  in  1907,  but  owing 
to  the  unfavorable  conditions  they  are  approximate  only: 


Discharge  viecufurements  of  Fairbanks  Creek,  1907. 


Date. 

Elevation. 

Discharge. 

June  24     

Feet. 
1,300 
1,260 
1,376 
1,«)0 

Sec.-ft. 
1.4 

Do 

2.2 

July  5. 

.72 

July  20.    

1.3 

MILLER 

CREEK. 

Miller  Creek  rises  in  the  southeasterly  slope  of  Coffee  Dome,  and 
flows  in  a  southerly  direction,  emptying  into  Fish  Creek  about  2 
miles  above  its  confluence  with  Little  Chena  River.  It  is  about  6 
miles  long  and  flows  through  a  narrow  vafley,  draining  an  area  of  16.7 
square  miles.  The  following  discharge  measurements  were  made  in 
1907: 

Discharge  TneamirermrUs  of  Miller  Creek,  1907. 


Date. 

Point  of  measurement. 

Klevatlon.    ^'^^^ 

Feet.         Sq.  miles. 
750                   15 

Discharge. 

Run-off 

per 
square 
mile. 

Julye 

July  24 

Near  mouth 

Sec.-ft. 
7.0 

Sec.-ft. 
0.47 

.do 

750                   15  ,               7.6 
750                   15  !         .      8.0 
790                    10                 8-0 

51 

August  2d .   . 

...do 

.53 

August  6 

August  7 

Below  mouth  of  Heim  Creek. 

80 

do        

790                    10 
800                     6 

8.0 
.9 

.80 

Do 

Above  mouth  of  Heim  Creek 

.82 

36283— IRR  218— OS- 
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CHATANIKA  RIVER  DRAINAGE  BASIN. 
GENERAL  DESCRIPTION. 

Chatanika  River  is  formed  by  the  junction  of  Faith  and  McManu:? 
creeks,  which  drain  the  high  ridge  forming  the  divide  between  the 
lower  Tanana  and  Yukon  basins.  The  river  flows  through  a  lon^  and 
rather  narrow  valley  in  a  southwesterly  direction  and  is  tributary  to 
the  Tolovana  from  the  east,  about  30  miles  above  the  confluence  of 
that  stream  with  the  Tanana,  Its  course  lies  mostly  to  the  -western 
side  of  the  valley,  which  is  from  one-half  mile  to  7  miles  in  -width. 
The  valley  is  about  80  miles  in  length  and  heavily  covered  with  timber 
below  an  altitude  of  1,800  to  2,000  feet.  The  river  has  a  drainage 
area  of  approximately  1,300  square  miles  above  its  mouth. 

From  the  junction  of  Faith  and  McManus  creeks  the  stream  flows 
in  a  winding  course  and  has  a  shifting,  gravelly  bottom.  In  loi^^  and 
medium  stages  it  flows  in  a  series  of  pools  and  rapids  and  has  a  wadth 
of  75  to  200  feet,  and  during  the  high-water  period  it  often  seeks 
several  channels  and  covers  a  width  of  100  to  400  feet.  This  liigh- 
water  channel  is  usually  well  defined  by  steep,  alluvial  banks  ranging 
from  8  to  10  feet  in  height. 

Below  Poker  Creek,  a  tributary  from  the  right  about  40  niiJes 
downstream  from  the  junction,  the  valley  widens  and  the  bottom 
lands  become  marshy  and  swampy.  Here,  from  the  left,  the  Chata^ 
nika  receives  the  drainage  from  Cleary,  Eldorado,  Dome,  Vault,  and 
other  less  important  streams  from  the  mining  district  proper.  Below 
these  tributaries  the  valley  narrows  to  a  gorgelike  channel  which  it 
follows  for  about  10  miles.  Below  this  gorge  the  dividing  ridges  dis- 
appear and  the  stream  meanders  through  the  low,  swampy  grounds  to 
the  north  of  Tanana  River.  About  10  miles  from  its  mouth  Grold- 
stream  Creek,  its  largest  tributary,  joins  it  from  the  left. 

The  average  elevation  of  tbe  divides  in  the  upper  drainage  area  of 
the  Chatanika  is  between  3,000  and  4,000  feet  above  sea  level,  and  the 
altitude  of  the  ridges  bounding  the  valley  on  the  east  and  west  is 
about  2,000  feet. 

The  tributary  streams  from  the  right  are  short  and  precipitous, 
flowing  through  V-shaped  valleys;  those  from  the  left  have  less  pre- 
cipitous courses  and  broader  valleys,  and  gradually  lose  themselves  in 
the  rather  broad  expanse  of  swamplike  bottom  lands  which  prevail  on 
that  side. 

The  altitude  and  drainage  area  of  the  upper  Chatanika  has 
attracted  the  attention  of  ^'outside"  capital  for  some  time.  The 
general  topography  has  seemed  suitable  for  a  possible  water  supply  by 
ditch  line  to  the  mining  district  proper,  and  the  favorable  slope  of 
portions  of  Faith  and  McManus  creeks  has  made  them  attractive  to 
the  promoter  for  hydraulicking. 
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Several  gaging  stations  were  established  in  this  drainage  basin 
during  1907.  In  June  A.  D.  Gassaway,  general  manager  of  the 
Chatanika  Ditch  Company,  began  the  first  records  of  actual  stream 
flow  in  this  section  by  establishing  gaging  weirs  at  the  mouth  of  Faith 
and  McManus  creeks. 

Through  the  courtesy  of  this  company,  the  records  are  published  on 
I>age  117  in  this  report. 

FAITH    CREEK. 

Faith  Creek,  the  right  fork  of  Chatanika  River,  has  its  source  in  the 
southeasterly  slope  of  the  high  ridges  separating  the  Beaver  and  Birch 
Creek  drainage  basin  from  that  of  the  Chatanika.  It  has  a  rather 
narrow,  irregular  valley,  very  steep  in  its  upper  coursej  and  drains  an 
area  of  51  square  miles. 

The  following  measurements  were  made  in  its  upper  drainage  basin 
July  11,  1907. 

Hope  Creek  near  the  mouth  of  Zephyr  Creek:  Discharge,  7.7  second- 
feet;  run-off,  0.42  second-foot  per  square  mile. 

Charity  Creek  about  1  mile  above  the  mouth  of  Hope  CVeek:  Dis- 
charge, 5.7  second-feet;  run-off,  0.76  second-foot  per  square  mile. 

In  the  upper  portion  of  the  valley  considerable  glacial  ice  remains 
as  late  as  the  middle  of  July,  especially  in  Charity  Creek.  Below  the 
mouth  of  Deep  Creek,  a  tributary  from  the  right  in  the  low^r  valley, 
there  is  a  favorable  reservoir  site  and  with  a  moderate-sized  dam  a 
considerable  amount  of  the  flood  waters  could  be  stored. 

The  Chatanika  Ditch  Company  established  a  gaging  weir  at  the 
mouth  of  Faith  Creek  in  1907,  and  daily  records  were  kept  subsequent 
to  June  21. 

Daily  discharge j  m  second-feet,  of  Faith  Creek  at  jreir  near  rtwuih,  1907. 
[Elevation,  1,375  feet.    Drainage  area,  51  square  miles.] 


Day.           1  J 

une.      July. 

Aug. 

Sept.    1 

59.0 
52.5 
50.2 
66.4 

Day.            I  June. 

July. 

43.9 
38,6 
31.4 
25  5 

Aug.       Sept. 

1 1... 

'      32.6 

:      28,5 

2G.4 

24.8 

1      22.1 

21.0 

22.0 

,      20.8 

20. 1 

19. 2 

21.0 

20.5 

1       20.1 

1      21.0 

20.9 

,       21.7 

35.3 

'      35.0 

62.6 

3f..4 
41.1 
35.9 
34.7 
42.5 
40.  6 
87.4 
62.  7 
52.4 
44.2 
39.0 
35.0 
42.8 
35.  G 
33.6 
34.4 
30.8 
30-0 
28.5 

20 

44.7 
44.7 

42.8 
39.3 
38.8 
35.3 
36.5 
34.4 
46.9 
43  6 
36.8 

27.8      1 

2 

21 

26, 9 

3 

22 

44  2 

4 

23 

.?Q  4       1 

5 

24.: 

25 

28.8      ;  49. 8       

6 

'26.4         62.8 

7  

26 

1  61.0      '  H2.  6      1 

« 1... 

27.. 

42  0      1  60  3 

9 1... 

28 

28.4         62.6      1. 

10 

29 

30.6         70.5        

11 

12 

13 

30 

31 

Mean 

'26.7      1  72.5      

2,5.0         67.8      1 

1                1 

14 

a4fl  ?i 

29.2         47.5           .     . 

15 

16 

Run  -  off    perl 
square  mile.  . .'        70.*^ 

1       .572  '         932  ' 

17 

18 1     . 

1 

Uun-off,    depth 
in  inches 

.32 

1        66     1     1  07     1 

19 

n  Jnnp  20  to  30. 
Note.— These  data  were  furnished  by  the  Chatanika  Dit<*h  Company. 
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MCMANUS    CREEK. 

McManus  Creek,  the  left  fork  of  Chatanika  River,  rises  in  a  some- 
what lower  divide  than  Faith  Greek,  though  Idaho  and  Montana 
forks  reach  well  up  toward  the  headwaters  of  Homestake  and  Charity 
creeks,  of  the  Faith  Creek  drainage  basin.  The  main  fork  and  Pool 
and  Smith  creeks,  which  are  tributary  to  McManus  Creek  near  its 
mouth,  interlock  with  the  headwaters  of  Birch  Creek,  a  tributary  to 
the  Yukon  and  with  the  West  Fork  of  the  Chena,  a  tributary  to  the 
Tanana.  The  streams  in  the  McManus  Creek  basin  are  not  so  pre- 
cipitous as  the  tributaries  of  Faith  Creek,  and  the  run-off  per  square 
mile  is  less.  There  are  one  or  two  possible  reservoir  sites  in  tliis 
basin,  but  they  are  not  as  favorable  as  those  on  Faith  Creek.  The 
drainage  area  above  the  mouth  of  McManus  Creek  is  80  square  miles. 

A  gaging  weir  was  established  near  the  mouth  of  McManus  Creek 
about  Jime  22,  1907,  by  the  Chatanika  Ditch  Company  and  regular 
readings  were  taken  subsequent  to  that  dat^.  The  following  meas- 
urements were  made  in  this  drainage  basin  in  1907: 

jyischarge  measurements  in  drainage  basin  of  McManus  Creek,  1907. 


July  10. . 

Do.. 
July  12. . 

Do.. 

Do.. 
July  13.. 

Do.. 
Do.. 

Do.. 
July  14.. 

Do.. 
Do.. 
Do.. 
Do.. 


Point  of  measurement. 


McManus  Creek  at  mouth 

do 

McManus  Creek  above  Smith  CrteJc 

Smith  Creek  near  mouth 

McManus  Creek  at  mouth 

McManus  Creek  f  mile  above  Montana 

Creek. 
McManus  Creek  below  Montana  Creek. 
McManus  Creek  1^  miles  below  Idaho 

Creek. 
McManus  Creek  \  mile  above  mouth. . . 
McManus  Creek  500  feet  above  Smith 

Creek. 

Smith  Creek  near  mouth 

Smith  Creek  above  Pool  Creek 

Pool  Creek  above  mouth 

McManus  Creek  above  mouth 


Eleva- 

Drainage ' 

tion.* 

area.      ; 

Feel. 

1 
Sq.  miUa, 

1,375 

80 

1,376 

80 

1,400 

42.8 

,400 

34 

1,375 

80 

2,000 

8 

1.975 

10 

1,800 

26 

1,390 

1,400 

42 

1,400 

34 

1,450 

17 

1,450 

14 

1.380 

' 

1 

I    Run-off 
. ,  per  square 
I       mile. 


8ec.-ft. 
15.6 

Sec-ft. 

ai9s 

16.4 

.205 

ia2 

.243 

7.8 

.22» 

15.6 

.192 

1.8 

.162 

3.8 

.3fi) 

6.5 

.250 

b21.4 

12.4 

.296 

8.7 

.256 

6.4 

.323 

2.4 

.172 

M9.4 

a  Taken  from  topographic  map  of  Fairbanks  quadrangle;  approximate  only. 
b  Measurement  approximate. 
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Daily  discharge^  in  second-feet^  of  Mc Manns  Creek  at  weir  near  mouthy  1907, 
[ Elevation,  1 ,375.    Drainage  area,  80  square  mllea.] 


Day. 

June.  '  July.   | 

1 

Aug. 

81.2 
80.8 
56.1 
51.2 
63.4 
60.6 
98.6 
84.3 
75.6 
77.8 
62.2 
49.8 
45.5 
40.0 
37.2 
42.4 
39.0 
37.4 
3.7 

Sept. 

71.5 
62.8 
57.8 
57.-2 

Day. 

June. 

July. 

Aug.    1    Sept. 

J 

! 

21.6  i 

20.1  1 

19      1 

18.5  ; 

20 

34.8 

34.8 

31.2 

34.8 

25 

21.7 

25 

24.3 

31.1 

26 

23.2 

31.6 

26 

21.2 

17.8 

21.4 

19.1 

38.6 

29.1 

23.9 

21.8 

18.8 

16.7 

33.6 
32.2 
68.7 
50.3 
67.1 
81.2 

102 
92.6 
91.2 

114 

112 
94.1 

2 

21 

3 

22 :.:::.. 

4 

23 

. 

5 

17.8  1 

24 

25 

6 

'      16.1  1 

17.5  , 

26 

H 

17.8  1 

i  27 

9 

15.8  1 

28 

10 

15.0] 

1  29 

11 

16.1  1 

30 

12 

15      1 

'       15.4 

:       17.8  1 

1      18.5  1 

19      , 

21.6  . 

1      34.7 

31 

13 

14 

1            Mean.... 

Run-off   per 
1      square  mile.. 

Run-off,  depth 
in  inchee..... 



a28.5 
.356 
.15 

21.4 
.268 
.31 

66.4 

15 

16 

.830 
.96 

17 

18,.-             

1*^     

1       40 

o  June  20  to  30. 
Note.— These  data  were  furnished  by  the  Chatanika  Ditch  Company. 

CHATANIKA  RIVER   NEAR  JUNCTION   OF  FAITH  AND  MCMANUS   CREEKS. 

A  gaging  station  was  established  July  16,  1907,  on  the  Chatanika 
about  2,000  feet  below  the  confluence  of  Faith  and  McManus  creeks, 
and  readings  were  taken  twice  each  day  by  M.  T.  Kerrick,  an  em- 
ployee of  the  Chatanika  Ditch  Company.  The  drainage  area  above 
this  point  is  132  square  miles. 

Discharge  measurements  of  Chatanika  River  near  junction  of  Faith  and  McMamis  creeks, 

1907. 


Date. 


Hydrographer. 


July  16 C.C.Covert 

July26 '  E.  B.  Brigham. 

.\ugU8t  3 1 do 

August  7 1 do 


I  Width. 


Feet. 
47 
56 
57 
62 


t 


Area  of 
section. 


Sq./l. 

.58 
68 
72 
98 


Gage 
height. 


Feet. 

1.58 
1.80 
1.89 
2.26 


Dis- 
charge. 


Sec.-ft. 
51.9 
80.5 
90.5 
188 
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Daily  gage  height  and  discharge  of  Chatanika  River  necar  junction  of  Faith  and  McManxts 

creeks,  1907. 

[Elevation  1,350  foet;  drainage  area  132  square  miles.] 


Day. 

July. 

Gaffo 
heii^t. 

Dis- 
charge. 

Feet. 
1 

Sec.'ft. 

2 

3                            '               1 

4 1 

5 

C .                1 

7 

8 1  . 

9 1 

10 1 

11 • 

12...   . 

13 

14 1 

15 1 

16 1 ' 

17 

1.66 

1.86 

60 

18 

90 

August. 


Gage 
leight. 


Feet. 
r.80 
2.02 
1.86 
1.93 
1.95 
1.95 
2.25 
2.12 
2.05 
2.02 
1.92 
1.85 
1.85 
1.80 
1.80 
1.80 
1.80 
1.78 


Dis- 
charge. 


Day. 


July. 


August. 


Dis- 


Gase 
height,  j  change.  \  h 


c-'ft.  . 
80  1 
122 
92 

19 

Feet. 
1.80 
1.75 
1.70 
1.62 
1.60 
1.64 
1.75 
1.85 
1.76 

73 
06 
57 
64 
00 
73 
88 
73 
63 
00 
54 
54 

Feet. 

1.75 
1.75 
1.75 
1.98 
1.92 
2.04 
2.22 
2.25 
2.15 
2.13 
2.25 
2.25 

S^c.-ft. 

20 

T-i 

'  21 

TS 

101 

22 

111 

106 

23 

lOl 

106 

24 

1'^' 

186 

25::::::::::::: 

177 

147 

26 

IK*. 

128 

27 

1S4 

122  1 
101  ' 
88  1 
88  ' 

28 

29 

30 

31 

1.67 
1.65 
1.60 
1.60 

147 

18«» 

1M> 

80 
80 
80  1 
80 

78 

Mean 

a67 
.608 
.29 
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Run-off,  per  square  mile. 
Uun-ofl,  depth  in  inches. 

.»K7 
1.Q2 

Note. 
fpet. 


aJulyl7to31. 
-For  September:  Kaxlmum,  1,770  second-feet;  minimum,  110  second-feet;  moan,  297  sooond- 


The  following  table  gives  the  horsepower  (80  per  cent  efGciency) 
per  foot  of  fall  that  may  be  developed  at  different  rates  of  discharge, 
and  shows  the  number  of  days  on  which  the  discharge  and  the  corrc^ 
sponding  horsepower  were  respectively  less  than  the  amounts  given 
in  the  colunms  for  '* discharge"  and  *' horsepower." 

Discharge  and  horsepower  table  for  Chatanika  River  near  junction  of  Faith  and  McManuB 

creeks,  1907. 


Discharge. 


Sec'ft. 
33 
44 

55 
66 

77 


Ilorsepower  (80  per 
cont  efficiency)  per 
foot  fall. 

Davs  of  defi- 
cient dis- 
charge, June 
10  to  August 
31.             1 

3 

4 

13 
19 
30 
40 
48 

6 

6 

7 

8 

Discharge. 


Sec.-ft. 
99 
110 
125 
143 
165 
220 


Horsepower  (80  per 
cent  efficiency)  per 
footfoU. 


Days  of  defi- 
cient dis- 
charge, June 
16  to  August 
31. 


I 

9 '  56 

10 62 

11.3 63 

13 1  67 

15 ,  72 

20 ' 


Note.— The  discharge  from  June  16  to  25  is  ostiraatcd  from  float  measurements:  from  June  2f»  to  July 
17  from  discharge  over  weirs  at  the  mouth  of  Faith  and  IfcManus  creeks. 

BOSTON   CEEEK. 

Boston  Creek  rises  in  the  high  ridge  to  the  north  of  the  Chatanika, 
to  which  it  is  tributary,  about  24  miles  below  Faith  Creek.  It  is 
about  5  miles  long  and  has  a  total  fall  of  about  2,000  feet.  The  fol- 
lowing measurement  was  made  on  tliis  creek  Augtist  15,  1907,  at  an 
olevationof  about  800  feet:  Discharge,  3.9  second-feet;  drainage  area, 
6.5  square  miles;  run-off,  0.60  second-foot  per  square  mile. 
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MCKAY    CREEK. 

McKay  Creek  is  the  first  stream  to  the  west  of  Boston  Creek,  rises 
in  the  same  divide,  and  empties  into  the  Chatanika  about  1  mile 
farther  downstream.  It  is  about  4  miles  long  and  flows  through  a 
narrow,  V-shaped  valley.  It  has  a  drainage  area  of  6.7  square  miles. 
The  following  measurement  was  made  on  this  stream  August  15,  1907, 
at  an  elevation  of  about  800  feet:  Discharge,  3.7  second-feet;  drain- 
age area,  6.2  square  miles;  run-off,  0.602  second-foot  per  square  mile. 

BELLE   GREEK. 

Belle  Creek  rises  in  the  high  divide  at  the  head  of  Ophir  and  Poker 
creeks  and  flows  in  a  southeasterly  direction  to  the  Chatanika.  The 
stream  is  about  6  miles  long  and  flows  through  a  deep,  narrow  valley. 
It  drains  an  area  of  11.9  square  miles.  A  measurement  was  made  on 
this  stream  August  15,  1907,  at  an  elevation  of  about  800  feet,  as 
follows:  Discharge,  10  second-feet;  drainage  area,  11  square  miles; 
run-off,  0.91  second-foot  per  square  mile. 

CROOKED   CREEK. 

Crooked  Creek  rises  in  the  divide  at  the  head  of  Poker  Creek  and 
flows  in  a  southeasterly  direction  nearly  parallel  to  Belle  Creek.  It 
drains  an  area  of  7.2  square  miles.  A  measurement  was  made  near 
its  mouth  August  15,  1907,  as  follows:  Discharge,  6.3  second-feet; 
drainage  area,  7.2  square  miles;  run-off,  0.875  second-foot  per  square 
mile. 

KOKOMO   CREEK. 

Kokomo  Creek,  a  tributary  to  Chatanika  River  from  the  left  about 
28  miles  below  Faith  Creek,  rises  in  the  high  ridge  at  the  head  of  Miller 
and  ElUot  creeks  and  flows  in  a  northwesterly  direction,  draining  an 
area  of  33  square  miles  above  its  mouth.  Daily  readings  were  taken 
from  a  reference  point  in  a  large  stmnp  on  the  river  bank  about  1  mile 
above  the  mouth  of  the  stream. 

Discharge  measurements  of  Kokomo  Creek  near  mouth,  1907. 

Date.  hdght.o    .  I>*8cliarge. 

Feet.       '     Sec.'ft. 

July  9 -3.00  13.9 

August  14 -2.70  22.7 

«  MeuHured  down  from  nail  in  stump. 
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Daily  gage  height  and  discharge  of  Kokomo  Creek  near  mouth,  1907. 
[Elevation,  750  ivei;  drainage,  area  26  square  miles.] 


July. 

August. 

I.... 

July.          1 

jLngnat. 

Day. 

1 

.a 

1 

O 
Feet. 

s 

Sec.'ft. 

i 

i 

1 
ft 

68 

43.8 

37.9 

31.8 

31.8 

34.8 

31.8  1 

43.8, 

37.9' 

31.8  1 

28.9, 

25.8 

22.7  i 

2* 

_1 

Feet. 
3.0 
3.0 
3.0 
3.1 
3.2 
3.0 
3.1 
3.0 
3.0 
3.0 
3.1 
3.2 
3.2 

See.-ft.  1 
13.9 
13.9 
13.9 

ia9 

7.9 
13.9 

ia9 

13.9  I 
13.9 
13.9  , 

ia9  ' 

7.9  , 
7.9  ' 

! '  1 

0  1  c 

1       

Feet. 
4-0.9 
-1.2 
2.0 
2.2 
Z4 
2.4 
2.3 
2.4 
2.0 
2.2 
2.4 
2.5 
2.6 
2.7 

19 

Feet.     Sre.'ft. 

2 

::::::::i:::;:::: 

20 

3             ... 

21 

4 

........|. ....... 

22 

t 

5 

23 

6 

24 

1 

7 

25 

1 

8 

26 

9 

-3.0 
3.1 
2.6 
2.8 
2.8 
2.9 
2.9 
2.9 
3.0 
2.8 

13.9 

ia9 

25.8 
19.8 
19.8 
16.8 
16.8 
16.8 
13.9 
10.8 

27 

. ...::  \" 

10 

28 

1 

11 

29 

, 

12 

30 

1 

13 

31 

14 1 

15 ' 

MAan  .. 

al4.2  ! 

.646; 

.47 

1    *41.6 

16         

1 

Run-off  per  square  mile. . 
Run-off,  depth  in  Inches.. 

i.eo 

17 :.. 

; 

1           .S3 

18         

1 

1 

1 

1 

1    . 

aJuly9to3i. 


»  August  1  to  14. 


POKER   CREEK. 

Poker  Creek,  with  its  tributary,  Caribou  Creek,  rises  in  the  high, 
barren  ridges  about  Poker  Dome  and  opposite  the  headwaters  of 
Ophir,  Trail,  and  Washington  creeks.  It  drains  an  oval-shaped  area 
of  40.5  square  miles,  well  covered  with  timber,  and  has  steep  precipi- 
tous slopes  in  its  upper  course. 

The  Tanana  Electric  Company  is  constructing  a  ditch  line  along  the 
left  bank  of  Poker  Creek,  following  approximately  the  800-foot  con- 
tour. This  ditch  line  will  divert  water  from  Poker,  Little  Poker,  and 
Caribou  creeks  to  a  point  on  the  Chatanika  where  about  80  feet  head 
can  be  obtained.  It  is  proposed  to  install  a  power  plant  at  this  point, 
to  be  run  by  water  when  available,  and  by  steam  at  other  times. 

Discharge  measuremerUs  in  Poker  Creek  drainage  basin,  1907. 


Date. 

Point  of  measurement. 

Drainage 
area. 

he^t. 

Discharge. 

Run-off 

per  square 

mile. 

July  27. 

July  30. 

Poker  Creek  i  mile  above  mouth. 

..do 

Sq.  rnUea. 
40 
40 
40 
40 

Feet. 
LOO 
LIO 
L32 
L33 

22.6 
36.6 
37.8 
10.4 
3.9 
2L1 

Sec-fi. 

as&s 

565 

August  9 

August  10.... 

Do 

Do 

Do 

do 

.915 

do 

.944 

Caribou  Creek  above  Little  PokerCreek. 

Little  Poker  Creek  near  mouth 

Poker  Creek  1  mile  aboveCaribouCreek . 
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A  gaging  station  was  established  on  Chatanika  River  below  Poker 
Creek  June  23,  1907.  A  post  gage  driven  firmly  in  the  ground  near 
the  log  chute  of  the  Cleary  Creek  Lumber  Company's  mill  was  read 
twice  each  day  by  J.  Fitzsimmons. 

THscharge  measurements  of  (Chatanika  River  below  m^nUh  of  Poker  Creek,  1907. 


Date. 

Width. 

1 

Area  of 
section. 

Gaffe 
height. 

Discharge. 

June  22 

1 

Feet. 
88.5 

Sq.ft. 
213 
192 
302 

Feet. 
1.08 
.83 
1.98 

8ec.-ft. 

246 

July  4 

86.8 

178 

August  9 

98 

669 

Daily  gage  height  and  discharge  of  Chatanika  River  below  m&iith  of  Poker  Creek,  1907. 
[Elevation  700  feet;  drainage  area  456  square  miles.] 


Ji 

jne. 

J 

uly. 

August. 

September. 

October. 

^ 

'    ♦* 

*5 

♦* 

Day. 

t 

^ 

t 

1  i  t  i   ^ 

§ 

g) 

t 

^ 

jd 

s 

^ 

08       I     ^             d 

J5 

0 

^ 

2 

1 

t 

1 

•§ 

|l   1 

% 

t 

1 

i 

O 
Feet. 

Sec'ft. 

05 

5 

O 

5 

o 

O 

5- 

1 

Feet. 

0.9 

.9 

1 

SeC'ft    Feet. 
192     2.1 

Feet. 

1.45 

1.4 

1.3 

1.3 

1.35 

1.3 

363 
321 
321 
300 
321 

Feet. 

2.25 

2.0 

1.85 

1.75 

1.70 

1.65 

1.6 

^"^4 

2 

192     2.6 
192     2.0 
167     1. 75 
167  1  1.75 
167     1,66 
167     1.5 

1,160 
680 
530 
530 
480 
405 

680 

3 

■X 

:i 

.8 

590 

4 :..::.:::.::::.::i..::.: 

530 

5 '...   . 

505 

6 . 

480 

7 

1.3    1        321 

455 

8 

95 

204  '  1.75 

530 

1.3 

321 

1.45 

384 

9 

85 

180     1.9 

620 

1.45 

384 

1.25 

300 

10 

80 

167     1.85 

590 

1.3 

321 

1.05 

232 

11 

90 

192     1.6 

456 

1.35  '        342 

1.45 

384 

12 

90 

192     1.5 

405 

3.6      a2;160 

1.85 

590 

13 

9.5 

204  1  1.35 

342 

4.45    0  3,160 

1.80 

560 

14 

9 

192  1  1.4 

383 

3.25    0  1,780 

1.75 

530 

15 

1.0 

216     1.25 

300 

2.85    a  1,390 

16 

1.05 
1.10 

232     1-2 

283 
250 

4.0      «» 2,620 
4.3      02,980 

17 

■ 

250 

1.1 

18 

1.1 
1.2 
1.15 

250 
283 
286 
250 
250 
204 
192 
192 
232 
250 
250 
250 
216 
192 

1.1 

1.0 

1.1 

1.1 

1.0 

1.15 

1.20 

1.35 

1.55 

1.3 

1.4 

1.55 

1.7 

1.6 

250 

2..V  '        942 

19 



216     2. 5 
250     2.3 
250     2.35 
2i6     2.3 
266     2.25 
283     2.15 
342     2.0 
430  I  2.0 
321     2.0 
363  1  2.0 
430     2.15 
505     2. 2F, 

1  060 
901 

20 

I.IO 
1.10 
1.10 
1.10 
1.06 
1.00 

.90 

.9 
1.0 
1.1 
1.0 

250 

21 

250     1.1 
250     1.1 
260       .95 
232       .9 
216       .9 
192     1.05 
192     1.1 
216     1. 1 
250     1.1 
216     t.O 

942 

22 

901 
860 
788 
680 
680 
680 
680 
788 
042 

23 

24 



25 

26 

27 

28 

29 

30 

31 

.9 

455 

Mean 

*  228    . 
.500  1 

211 
.463 

428 

954 
2.09 

<^506 

Second-feet  per  square  mile . . 
Depth  in  inches 

.939  1 

1.11 

.20      

.53 

1.08     

2.33 

.68 

1 

o  Estimated  by  extending  rating  curve. 
Note. — The  river  was  frozen  over  after  October  14. 


h  June  20  to  30. 


e  October  1  to  14. 
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CLEARY    CREEK. 

Cleary  Creek  heads  to  the  north  of  Pedro  Dome  in  a  rather  low- 
saddle  which  separates  its  waters  from  those  of  Little  Eldorado  Creek 
and  which  has  an  elevation  of  about  1,800  feet.  It  flows  in  a  north- 
erly direction  for  about  3  miles,  then,  by  a  gradual  curve  to  the  left, 
takes  a  northwesterly  course  to  Chatanika  River,  to  which  it  is  tribu- 
tary from  the  left  about  2  miles  below  Poker  Creek. 

The  creek  has  an  average  slope  of  about  90  feet  to  the  mile  through 
the  mining  section.  It  is  considered  the  best  producer  in  the  c^unp. 
(See  PI.  X.)  The  pay  streak  follows  the  creek  channel  closely  about 
to  claim  15  below.  At  that  point  it  swings  to  the  left  bank,  which  it 
follows  to  the  Chatanika  Flats.     (See  PL  XI,  A.) 

Cleary  Creek  has  a  drainage  area  of  10.5  square  miles  above  its 
mouth.  A  measurement  made  July  4  near  Cleary  gave  a  discharge 
of  2.9  second-feet. 

LITTLE    ELDORADO    CREEK. 

Little  Eldorado  Creek  rises  on  the  western  slope  of  Pedro  Dome  and 
drains  a  rather  narrow  valley  between  Dome  and  Vault  creeks.  It 
has  a  steep  slope  in  its  upper  portion.  The  average  fall  of  the  creek 
through  the  mining  section  is  115  feet  per  mile.  It  is  about  5  miles 
long  and  drains  an  area  of  13.7  square  miles.  The  creek  flows  in  a 
narrow,  rather  deep-cut  channel,  well  lined  with  willows. 

The  pay  streak  is  on  the  right  bank  and  is  located  from  claim  7 
above  to  claim  4  below.  Bed  rock  ranges  from  90  to  122  feet  below 
the  surface,  with  10  to  80  feet  of  gravel.  The  following  measurement 
was  made  June  26,  1907:  Discharge,  0.45  second-foot,  elevation,  930 
feet;  drainage  area,  4  square  miles;  run-off,  0.112  second-foot  per 
square  mile. 

DOME    CREEK. 

Dome  Creek  rises  in  the  Chatanika  divide,  opposite  Steamboat  and 
Flume  creeks,  and  flows  northward  into  Chatanika  River.  It  is 
about  5  miles  long  and  drains  an  area  of  13.9  square  miles.  Tlie 
creek  has  an  average  grade  through  the  mining  section  of  about  70 
feet  to  the  mile  and  good  values  are  found  in  its  upper  and  lower 
courses.  Discovery  claim  is  located  on  the  right  bank  near  the  town 
of  Dome.  The  creek  is  being  worked  on  several  claims  from  7  above 
to  20  below.  The  pay  streak  is  on  the  right  bank  for  practically  its 
entire  length.  Bed  rock  ranges  from  40  feet  below  the  surface  in  the 
upper  portion  to  more  than  200  feet  below  in  the  Chatanika  Flats, 
near  the  mouth.  Very  little  water  flows  in  the  main  channel  during 
the  low-water  period,  a  large  part  of  the  flow  being  diverted  by  niimer- 
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ous  small  ditches.  A  measurement,  made  June  27,  1907,  in  a  ditch 
near  claim  2  below,  gave  an  approximate  discharge  ^f  0.84  second- 
foot. 

QOLDSTRBAM  CREEK  DRAINAGE  BASIN. 
GENERAL   DESCRIPTION. 

Goldstream  Creek  flows  through  a  long,  narrow  valley  between  the 
drainage  basin  of  Chatanika  River  on  the  right  and  the  Little  Chena 
and  Tanana  basins  on  the  left.  It  has  a  southwesterly  direction, 
parallehng  Chatanika  River,  and  drains  the  central  portion  of  the  Fair- 
banks mining  district.  The  stream  flows  in  a  winding  course  over  a 
sandy,  shifting  bed.  The  channel  is  deeply  cut  in  the  alluvial  soil  that 
forms  the  bottom  lands.  Its  length  is  about  70  miles  and  it  drains  an 
area  of  500  square  miles.  About  40  miles  below  its  source  the  stream 
leaves  the  dividing  ridges  and  for  the  remainder  of  its  course  flows  in  a 
zigzag  channel  across  the  soft,  'mucky  flats  northwest  of  Tanana 
River,  emptying  into  the  Chatanika  from  the  east. 

On  either  side  of  the  stream  is  a  narrow  lowland  having  a  gradual 
slope  toward  the  dividing  ridges.  This  is  covered  with  the  conven- 
tional moss,  and  in  the  lower  portion  of  the  valley,  where  it  widens, 
has  numerous  lakes  and  swamps.  The  bottom  land  has  been  well 
covered  with  timber,  but  this  has  disappeared  \;  make  way  for 
railroad  and  mining  enterprises,  which  make  the  upper  portion  of  the 
valley  a  scene  of  activity.  The  dividing  ridges  on  either  side  are 
well  timbered  with  spruce  and  birch  and  rise  about  1,000  feet  above 
the  stream  bed.  About  12  miles  below  the  source,  the  southern 
ridge  has  a  low  saddle  over  which  the  Tanana  Mines  Railroad  from 
Fairbanks  enters  the  mining  district. 

The  upper  portion  of  the  valley  is  drained  by  Pedro  and  Gilmore 
creeks,  which  join  to  form  Goldstream  Creek  near  Gilmore,  about 
12  miles  north  of  Fairbanks. 

Pedro  Creek,  the  right  fork  of  Goldstream  Creek,  is  about  6  miles 
long  and  has  a  fall  of  100  to  200  feet  to  the  mile  in  its  upper  course. 
About  3  miles  from  its  source  Twin  Creek,  a  tributary  from  the 
right,  enters.  Here,  in  1902,  gold  was  first  foimd  in  the  Fairbanks 
district,  by  Felix  Pedro.  Below  this  point  the  creek  has  a  grade  of 
about  80  feet  to  the  mile,  which  gradually  grows  less  as  it  approaches 
Goldstream  Creek.  Along  Pedro  Creek  the  pay  streak  follows  the 
stream  channel  closely  and  bed  rock  is  from  10  to  30  feet  below  the 
surface. 

On  Goldstream  Creek  the  pay  streak  is  along  the  right  bank 
about  to  claim  10  below  and  then  swings  to  the  left  bank,  which  it  fol- 
lows about  to  claim  22  below.     Farther  than  this,  it  has  not  been 
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definitely  located.      The  depth  to  bed  rock  ranges  from  20  to  60 
feet. 

Gibnore  Creek,  the  left  fork  of  Goldstream  Creek,  has  shown  small 
values  and  very  little  work  is  in  progress.  The  creek  has  a  fairly 
good  grade  and  drains  an  area  of  11.8  square  miles. 

There  are  numerous  small  tributaries  to  Goldstream  Creek  from 
either  side.  Those  from  the  right  are  Fox,  Gold  Run,  Big  Eldorado. 
O'Connor,  and  Cache  creeks.  Those  from  the  left  are  Engineer, 
Butter,  Spear,  Nugget,  Str^ight,  and  Allen  creeks.  Prospecting 
and  more  or  less  mining  is  done  on  nearly  all  these  creeks.  They 
average  from  4  to  12  miles  in  length  and  drain  small  areas. 

On  the  upper  portion  of  Goldstream  Creek  and  along  Pedro  Creek 
several  small  ditches  have  been  built  to  divert  the  water  for  sluicing. 
The  largest  one  is  that  owned  by  the  Goldstream  Ditch  Company. 
The  cost  of  construction  was  about  $6,500.  It  is  about  2  miles  in 
length  and  has  a  fall  of  about  7  feet  to  the  mile.  It  diverts  water 
from  claim  6  below,  along  the  left  bank  of  Goldstream  Creek,  supH 
plying  several  mines  at  the  rate  of  $2  per  hour  per  sluice  head,  which 
ranges  from  60  to  80  inches  of  water.  A  measurement  made  June 
28,  1907,  in  the  lower  end  of  a  flume  near  the  intake  to  this  dit:/ 
gave  a  discharge  of  10.8  second-feet. 

GOLDSTREAM  CREEK  AT  CLAIM  6  BELOW. 

On  accoimt  of  the  unfavorable  condition  of  the  channel  of  Gold- 
stream  Creek  and  the  numerous  small  ditches  that  divert  the  flow, 
it  was  impossible  to  secure  a  good  location  for  a  gaging  station. 
However,  a  gage  was  established  near  the  lower  line  of  claim  6  below, 
a  short  distance  above  the  intake  to  the  Goldstream  ditch,  June  20, 
1907,  and  a  reading  was  taken  twice  each  day  by  John  L.  Meder. 
The  water  diverted  by  a  small  ditch  a  short  distance  above  the  gaging 
station  is  not  considered  in  the  table  of  estimates.  Several  measure- 
ments made  in  this  ditch  gave  an  average  discharge  of  1.5  second-feet. 

Discharge  niCisurements  of  Goldstream  Creek  at  claim  6  below  j  1907. 


T)at(». 

Width. 

Area  of 
section. 

hs^t. 

DiachATge. 

June  21 

Fret. 
11.3 
12.4 

Sq.ft,         Feel.     1  Sec-feet. 
8.1            1. 00                10.8 

Jum'28 

10.3  •         i..')i  1              91.1 
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A.     LOWER  CLEARY  CREEK. 


B.     GAGING  STATION  ON   FISH  CREEK. 
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Daily  gage  height  and  discharge  of  Goldstream  Creek  at  claim  6  below,  1907. 
[Elevation,  870  feet;  drainage  area,  28.6  square  miles.  ] 


Day. 


June. 


2? 

I 

5 


July. 


I  i   & 


Feet.  Sec.-fl. 


1 1 :.. 

2.,..: : .:::..:': 

3 

4 . 

o 

6 1 

8 

9 

10 

11 

12 

13 

14 

15 '.     . 

16 

17 

18 

19 

20.. 
21.. 
22.. 
23.. 
24.. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


1.0 
1.0 


.1 


.1  1.05 
.  .85 
.,  1.3 
.  1.55 
.1  1.46 
•I 


10.8 

10.8 

9.3 

4.9 

7.8 

7.8 

12.3 

6.4 

20.7 

30.2 

26.3 


Feet. 
1.3 
1.06 
1.0 

.95 

.8 

.76 
1.15 
1.05 
1.0 

.86 
1.6 
1.55 
1.2 
1.1 
1.66 
1.5 
1.25 
1.15 
1.05 
1.06 
1.0 

.96 

.9 
1.05 


.85 
.85 
.8 
.8 
.7 


Mean ■ 013.4 

Run-off  per  square  mile ' .469  L 

Run-off,  depth  in  inches i I      .  192  1. 


I 

Q 

8ec.-ft. 
20.7 
12.3 
10.8 

9.3 

4.9 

3.6 
15.4 
12.3 
10.8 

6.4 
32.2 
3a2 
17.1 
13.8 
34.4 
28.2 
18.9 
15.4 
12.3 
12.3 
10.8 

9.3 

7.8 
12.3 

9.3 

9.3 

6.4 

6.4 

4.9 

4.9 

2.2 


August. 


Feet. 

1.56 

1.6 

1.3 

1.16 

1.1 

1.16 

1.4 

1.45 

1.36 

1.6 

1.46 

1.16 

1.1 

1.06 

1.05 

1.1 

1.0 

1.0 

1.0 

1.1 

1.26 

1.3 

1.3 

1.3 

1.25 

1.35 

1.3 

1.36 

1.46 

1.6 

1.5 


September.        October. 


.S 


1 8ec.-ft. 

30.2 
!  32.2 

20.7 
I  15.4 

13.8 
I  16.4 

24.4 
I  26.3 
I  22.5 
'  32.2 
I  26.3 
I  16.4 
I  13.8 
I  12.3 
I  12.3 

13.8 
'  10.8 

10.8 

10.8 
1  13.8 
'  18.9 
I  20.7 
I  20.7 
,  20.7 
I  18.9 

22.5 
I  20.7 

22.5 

26.3 

28.2 

28.2 


I 


13.1        ... 

...    20. 

.458    ... 

...|      .699 

.53    j... 

-1   •«' 

I 


f 


I 


Feet. 
1.25 
1.20 
1.20 
1.25 
1.30 
1.2 
1.2 
1.16 
1.2 
1.15 
1.35 
1.7 
1.7 
1.5 
1.5 
1.8 
1.55 
1.46 
1.3 
1.6 
1.46 
1.4 
1.55 
1.45 
1.4 
1.4 
1.3 
1.25 
1.35 
1.4 


Sec.-ft. 

18.9 
•17.1 

17.1 

18.9 

20.7 

17.1 
I  17.1 
'  15.4 

I  15.4 
i  22.6 
I  36.6 

36.6 

28.2 
I  28.2 

41. 
I  30.2 
I  26.3 

20.7 

32.2 

26.3 
I  24.4 

30.2 

26.3 
'  24.4 

24.4 
1  20.7 

18.9 
,  22.5 
I  24.4 


Feet. 
1.3 
1.3 
1.4 
1.3 
1.3 
1.3 
1.2 


Sec.-ft. 
20.7 
20.7 
24.4 
20.7 
20.7 
20.7 
17.1 


&20.  7 
.724 
.19 


aJune20  to30. 


6  October  1  to  7. 


Note.— These  discharges  do  not  Include  the  amount  diverted  at  claim  3  Ijelow  by  a  small  ditch,  carrj- 
ing  from  1  to  1.5  second-feet.     The  creek  was  frozen  after  October  7. 

FOX    CREEK. 

Fox  Creek  rises  in  the  Chatanika  divide  opposite  Vault  Creek.  It 
is  about  3 J  miles  long  and  flows  southward,  through  a  V-shaped  val- 
ley, into  Goldstream  Creek.  The  following  measurement  was  made 
July  6,  1907:  Discharge,  2.0  second-feet;  elevation,  900  feet. 

BEAVER  CREEK  DRAINAGE  BASIN. 
GENERAL   DESCRIPTION 

A  high  limestone  ridge — the  White  Mountains — 50  miles  to  the 
north  of  Fairbanks,  is  perhaps  the  highest  portion  of  the  divide 
between  the  Yukon  and  Tanana  drainage  basins.     Beaver  Creek, 
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which  drains  the  largest  part  of  this  particular  portion  of  the  divide, 
has  its  source  far  back  in  the  deep  canyons  of  the  southern  sloj>e. 
There  are  two  branches  of  Beaver  Creek  in  its  upper  drainage  basin 
that  join  at  about  latitude  65°  25'  north,  and  longitude  147**  inrest. 
These  two  branches  drain  the  highest  portion  of  the  moimtains.  The 
southern  branch  rises  in  a  high  ridge  opposite  the  tributaries  of 
Preacher  Creek.  It  has  a  steep  and  tortuous  course,  flowing  over  a 
rocky  bed  and  through  a  deep  valley.  The  northern  or  main  branch 
of  Beaver  Creek  drains  to  the  south  the  central  portion  of  the  moun- 
tain ridge.  The  gorgelike  valley  of  the  upper  portion  of  this  branch 
runs  in  an  east-west  direction  and  forms  with  the  main  valley  a  letter 
T.  The  course  of  the  northern  branch  is  tortuous  and  the  bed  is 
rough  and  gravelly.  In  the  valley  at  the  junction  of  these  two 
branches  some  timber  is  found,  and  there  are  also  small  patches  of 
meadow  land.  From  the  junction  the  main  stream  takes  a  westerly 
course  for  about  25  miles,  then  makes  an  abrupt  bend  to  the  right  and 
flows  in  a  northeasterly  direction,  draining  the  northern  slope  of  the 
White  Mountains.  Its  course  above  the  ''big  bend*'  is  through  a 
rather  broad,  parklike  valley,  over  a  wide  gravelly  bed,  in  a  series  of 
riflSes  and  pools.  This  portion  of  the  stream,  with  its  tributaries, 
drains  the  southern  slope  of  the  White  Mountains.  In  many  places 
the  stream  has  several  channels,  forming  numerous  islands  which  are 
usually  covered  with  a  heavy  growth  of  timber. 

Bear  and  Bryan  creeks  are  the  important  tributaries  from  the  right. 
High,  barren  limestone  ridges  separate  these  creeks  and  form  deep, 
narrow,  gorgelike  valleys,  through  which  the  streams  flow  over  pre- 
cipitous, narrow  beds. 

There  is  but  little  timber  on  the  slopes  of  the  mountains  except  in 
the  lower  course  of  the  stream,  and  here  the  average  size  is  smaller 
than  that  of  the  timber  in  the  Chatanika  and  Little  Chena  basins. 

The  southern  tributaries  of  Beaver  Creek  above  the  big  bend  are 
Nome,  Ophir,  Trail,  and  Wickersham  creeks,  whose  upper  portions 
drain  the  dividing  ridge  to  the  north  of  Chatanika  River.  These 
streams  have  more  gradual  slopes  than  the  northern  tributaries,  and 
flow  through  rather  narrow  channels  cut  deep  into  the  soft,  alluvial 
soil  of  which  their  bottom  lands  consist.  The  ridges  separating  these 
creeks  are  at  a  much  lower  elevation  than  those  on  the  northern  slope. 
They  are  covered  with  timber  and  the  many  small  streams  which 
drain  their  slopes  are  fed  by  numerous  springs.  The  general  direc- 
tion of  these  streams,  with  the  exception  of  Nome  Creek,  is  to  the 
northwest — a  course  almost  opposite  to  that  of  the  main  creek  which 
receives  their  black,  tranquil  waters. 

The  upper  portion  of  the  Beaver  Creek  drainage  basin  is  oval  in 
shape  and  rises  to  an  elevation  of  1,800  to  4,000  feet.     A  portion  of 
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the  easterly  divide  has  an  altitude  of  5,000  feet.  About  8  miles  below 
the  ''big  bend"  Fossil  Creek  enters  Beaver  Creek  from  the  right 
through  a  deep,  narrow  canyon.  It  drains  a  long,  narrow,  valley  of 
rather  high  elevation^  and  rises  on  the  northern  slope  of  Cache  Moun- 
tain, which  has  an  elevation  of  over  4,000  feet  and  separates  the  Fossil 
Creek  drainage  basin  from  that  of  Bryan  Creek.  Fossil  Creek  flows  in 
a  northerly  direction  for  5  or  6  miles,  makes  a  long,  easy  curve  to  the 
left,  flows  around  the  northern  foothills,  and  finally  takes  a  south- 
\vesterly  course  close  to  the  high  limestone  ridge  that  separates  it  from 
Beaver  Creek. 

In  the  upper  portion  of  the  Fossil  Creek  basin,  on  the  right-hand 
side,  there  is  a  marked  case  of  stream  piracy.  A  small  stream  reaches 
into  the  right-hand  part  of  the  basin  and  takes  a  portion  of  the  draiiir 
age  through  a  gorge  of  high  elevation  into  Beaver  Creek,  about  12 
miles  below  the  mouth  of  Fossil  Creek 

Victoria  Creek,  a  tributary  from  the  left  about  20  miles  below 
Fossil  Creek,  has  its  source  nearly  opposite  Cache  Mountain  and  is 
separated  from  Beaver  Creek,  which  it  parallels  for  about  50  miles, 
by  a  limestone  ridge  ranging  from  1,000  to  nearly  3,000  feet  above 
the  bed  of  the  stream. 

Some  distance  below  the  mouth  of  Victoria  Creek,  Beaver  Creek 
changes  its  course  to  the  left  and  flows  in  a  northwesterly  direction 
through  a  less  mountainous  country  to  the  Yukon. 

Beaver  Creek  has  every  indication  of  furnishing  a  good  water  sup- 
ply. Its  high  drainage  basin  makes  its  waters  desirable  for  either 
hydraulicki4;ig  or  power  development.  Although  the  present  loca- 
tion of  the  mining  camps  is  at  a  prohibitive  distance  for  ditch  lines, 
future  developments  may  make  valuable  any  information  concern- 
ing the  daily  flow  and  run-off  in  this  drainage  basin. 

MEASUREMENTS. 

The  following  miscellaneous  measurements  were  made  in  Beaver 
Creek  drainage  basin: 

Miscellaricoug  measurements  in  Beaver  Creek  drahuuje  b(utin,  1U07. 


Date. 


August  27 
Do... 
August  28 
August  29 
August  30. 
Do 

Do.... 


Stream. 


Approxi-  ^ 

mate      , 

'  elevation.  I 


Drainage 
area. 


Trail  Creek 

Brigham  Creek 

Fossil  Creek 

Bryan  Creek 

Beaver  Creek  above  East  Branch 

East    Branch    Beaver    Creek    above 

mouth 

Nome  Creek  near  mouth 


Feet. 

Sq. 

miles. 

Sec.-ft.    ' 

1,700 

27 

39. » 

\,:m 

ir> 

10.0 

1,;W() 
1,S(K) 

19.2 
75.3 

4H 

1,800 

122 

2n7 

\,9m 

()7 

12, 

1.700 

120 

13.-. 

Run-off  per 
I)|f*charge.       s<iuare 
mile. 


Sec.-ft. 
1.48 
1.00 


l.r.7 
2.19 


1.8.-) 
1.12 
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COMPARATIVE  RUN-OFF  OP  DIFFERENT  AREAS. 

In  order  to  afford  a  comparison  of  the  run-off  of  different  drainage 
areas  in  1907,  the  following  tables  have  been  prepared,  shoeing  the 
minimum  daily  How,  the  monthly  means  in  second-feet  per  square 
mile,  and  the  mean  weekly  flow  of  the  drainage  areas  investigated. 
These  tables  can  be  used  in  estimating  the  run-off  of  other  streams 
in  this  section  having  similar  areas.  Considerable  care  should  be  used 
in  making  such  estimates,  on  account  of  local  conditions  affecting 
the  run-off. 

Minimum  daily  flow  ofstreojns  in  Fairbanks  district,  1907. 


Point  of  nieaBurenient. 


Eleva- 
tion. 


Little  Chena  River  above  . 

EUiott  Creek. 
Elliott  Creek  above  Sor-  , 

rels 

Sorrels    Creek    above  > 

mouth 

Fish  Creek  above  Fair- 
banks Creek. 
Faith  Creek  at  mouth    . . . 
McManus  Creek  at  mouth . 
ChatanikA    River    below  , 

Faith  Creek. 
Kokomo    Creek    near 

mouth. 
ChaUnlka    River    below 

Poker  CPBek. 


Date. 


Mini- 
Mini-  mum 

floT  I     »««■     .      per      I 

square      From— 
mUe. 


Dunttion  of 
record. 


To- 


Feet. 


800  I  July  22-25,2&-3l. . .        42 


I  Sec.'ft.  I  Sq.  miles.] 


Sec.-ft. 
0.53 


800    July31 ?.5 

800  |...do I  6 

925  '  July30-31 18 

1,400     JulylO '  19.2 

July  10-12 1  15      I 

JulySl 54 


1,400 
1,350 

750  I  July28,3(>-31. 

700  !  July  4-7,10.. 


I 


7.9  , 


167 


13.8 

21 
39 

51 
80 
132 

26 

456 


July  22    Sept.  Id 


I 


.28  ' 
.46 

.38 

.19 
.41 

.30 

.36 


.do.. 

..do. 
..do.. 

June 
...do. 
July 

July 

June 


Dr.. 
20    Sew    4 
it'  S^t  » 
9    .\qg.  14 
20    ()cl.  14 


Mean  run-off  in  second-fert  per  square  mile  at  gaging  stations  in  Fairbanks  district,.!''')' - 


StrpHin. 


Little  Chena 

EUiott 

Sorrels 

Fish  Cn«ek 

Faith  Cri'ck 

McManihH 

Chatanika    River    below 

Faith  Creek 

Chatanika    River    Ijelow 

Poker  Creek 

Uoldstream  Creek 


a  July  17-31. 


Eleva- 
tion. 

Drain- 
age area. 

8q.  miles. 
79 

13.8 
21 
30 
51 
80 

132 

456 

28.6 

June 
20-30. 

a 

July 
22-31. 

t^-. 

ni: 

tS:  ^^• 

Feet. 
800 

0.62 
.43 
.50 
.58 

«.51 

1.08 
.80 
.87 
.94 
.93 
.83 

.89 

.94 
.70 

1.09  

800 

.72  

800 

.76  

925 

.68  

1,400 
1,400 

1,350 

700 
870 

6.80 
.36 

6.57 
.27 

2.18 

2.09 
.84 

.50 
.47 

.46 
.46 

M.ll 

frOctoberl-lO. 


c  October  1-7, 
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Afean  weekly  water  supply,  in  second-feet,  from  Little  Chena  and  Chatanika  River  basins, 

1907. 


Available 
for  use  I 

by  diver-, 
sion  at  > 

elevation  I 

1,250  teet., 


Available 
for  use 

by.      I 
pumping 
at  eleva- 
tion 700 
feet. 


Available  for  use  by  rliversion  at  elevation  800 
to  925  feet. 


Date. 


June  17-23., 
June  24-30., 
July  1-7.... 
July  8-14... 
July  15-21., 
July  22-28. 
July  29- August  4 
August  6-1] 
August  12-18 

August  19-25 

August  26-September  1 
September  2-8. , 
September  9-15 
September  ld-22 
September  23-29 
September  30-October  6. 
October  7-13 


DEVELOPMENT  OF  WATER  SUPPLY  IN  THE  FAIRBANKS  DISTRICT. 
GENERAL   CONDITIONS. 

Since  the  discovery  of  gold  on  Pedro  Creek  in  the  Fairbanks  dis- 
trict in  1902,  considerable  attention  has  been  given  to  this  section  of 
Alaska,  and,  with  nearly  a  $9,000,000  output  in  1906,  renewed  interest 
has  centered  in  this  region. 

The  camp  lies  at  the  southern  edge  of  the  plateau  country,  almost 
where  it  breaks  to  the  alluvial  plain.  At  the  present  time  a  large  part 
of  the  area  may  be  spoken  of  as  in  a  prospective  stage  of  develop- 
ment. Little  attention  has  been  given  to  the  development  of  water 
supply  for  mining  purposes.  The  work  has  been  carried  on  either  by 
*'open  cuts"  or  by  '^drifting,"  as  best  suits  the  local  conditions.  The 
upper  portions  of  the  creeks  usually  favor  the  **open  cut"  method, 
as  the  bed  rock  ranges  only  from  8  to  20  feet  below  the  surface.  In 
the  lower  reaches,  where  the  pay  streak  is  from  50  to  250  feet  under- 
ground, with  25  to  200  feet  of  overburden,  '* drifting"  seems  the  only 
solution.  The  work  being  underground,  where  protection  from  severe 
weather  is  assured,  this  portion  of  the  camp  is  active  in  winter  as  well 
as  in  summer.  The  pay  gravel  is  hoisted  to  the  surface  and  dumped 
35283— IRR  218—08 9 
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in  large  piles,  where  it  awaits  the  spring  break-up  for  sluicing,  when 
high  water  follows  the  melting  of  the  accumulated  snow.  (See  PI.  X, 
p.  122.) 

The  future  development  of  this  region,  as  of  other  mining  districts 
in  Alaska,  depends  largely  on  the  economical  development  of  its  water 
resources.  During  July  and  part  of  August,  1907,  the  miners  were 
obliged  to  resort  to  various  schemes  to  secure  sufficient  water  for 
sluicing.  In  some  instances  the  water  was  returned  for  the  second 
and  third  time  to  the  sluice  box  by  means  of  the  steam  pump,  entail- 
ing extra  expense  both  in  fuel  and  equipment,  and  on  a  number  o! 
the  creeks  only  about  half  of  the  mines  were  in  operation. 

DITCH    LINES. 

In  general  the  relation  of  the  mining  camp  to  the  surrounding 
country  is  not  favorable  for  obtaining  an  outside  water  supply  by 
gravity.  The  topography  of  the  country  is  such  that  ditch  lines 
from  the  larger  drainage  areas  are  not  altogether  practical.  The 
camp  lies  in  three  drainage  basins  or  valleys,  separated  by  high 
dividing  ridges,  and,  in  order  to  supply  the  producing  creeks  in  one 
valley  with  water  by  ditch  line  from  another,  the  ditch  must  have  a 
high  elevation,  which  throws  its  source  so  far  into  the  headwaters 
that  there  is  only  a  small  drainage  area  from  which  to  draw  the  sup- 
ply and  consequently  but  little  water. 

On  account  of  its  elevation,  the  upper  Chatanika  drainage  basin 
has  received  more  attention  concerning  the  water  supply  by  ditch 
line  to  the  mining  camps  than  any  other  drainage  area  within  a  rea- 
sonable distance  of  the  Fairbanks  district.  The  supply  from  this 
stream,  however,  would  have  to  be  conveyed  for  over  100  miles 
through  a  ditch  line,  difficult  to  construct  and  maintain,  and  on 
account  of  its  low  head  only  a  small  number  of  producing  creeks 
would  be  benefited. 

Numerous  surveys  and  reports  have  been  made  favoring  the  con- 
struction of  ditch  lines  from  this  drainage  basin.  The  first  plan  pro- 
posed a  ditch  along  the  left  bank  of  the  Chatanika  that  would  dehver 
water  to  Pedro  Dome  at  an  elevation  of  about  1,800  feet,  wliich 
would  be  necessary  in  order  to  supply  water  to  Goldstream  and  Fair- 
banks creeks  on  the  other  side  of  the  divide.  The  intake  of  such  a 
ditch  would  have  an  elevation  of  about  2,000  feet,  or  600  feet  higher 
than  the  mouth  of  Faith  and  McManus  creeks,  where  records  of 
stream  flow  were  kept  during  the  season  of  1907.  The  drainage  area 
above  this  intake  would  be  about  100  square  miles,  or  about  25  per 
cent  less  than  at  the  point  where  measurements  were  made. 

During  1907  surveys  were  made  for  a  proposed  ditch,  with  an 
intake  at  the  junction  of  Faith  and  McManus  creek^.     This  ditch 
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'vroukl  deliver  water  to  the  camps  at  an  elevation  of  about  1,200  feet — 
much  too  low  to  supply  water  outside  of  the  Chatanika  drainage 
l>asin.  The  table  on  page  129  shows  the  weekly  supply  that  would 
have  been  available  for  such  a  ditch,  and  the  table  on  page  132  shows 
the  number  of  days  of  deficient  flow  without  storage  and  the  amount 
of  storage  necessary  to  have  maintained  in  the  ditch  a  flow  of  75,  100, 
or  125  second-feet.  « 

WATER-POWER   DEVELOPMENT. 

Water-power  development  for  electric  transmission  in  the  Fairbanks 
district  seems  worthy  of  consideration.  The  table  on  page  118  shows 
the  horsepower  (80  per  cent  efficiency)  that  could  have  been  devel- 
oped in  1907  from  the  water  supply  of  the  Chatanika  at  the  junction 
of  Faith  and  McManus  creeks.  This  table  shows  also  the  duration 
in  days  for  different  rates  of  flow.  The  table  on  page  132  shows  the 
storage  that  would  have  been  necessary  for  the  maintenance  of  a 
daily  flow  of  100  second-feet,  which  would  furnish  9.1  horsepower 
per  foot  of  fall. 

By  constructing  a  ditch  for  12  or  15  miles  along  the  Chatanika, 
which  would  divert  water  from  a  point  near  the  junction  of  Faith  and 
McManus  creeks,  a  head  of  about  400  feet  could  be  obtained.  A  daily 
flow  of  100  second-feet  under  a  400-foot  head  would  develop  3,640 
horsepower  on  the  turbines.  This  could  easily  be  transmitted  to  the 
mining  camps,  where,  by  the  use  of  pumps,  water  from  the  Chatanika 
could  be  furnished  to  the  producing  creeks  along  this  river.  This 
would  require  less  than  50  miles  of  distributing  ditch. 

A  similar  enterprise,  mentioned  in  the  description  of  the  Little 
Chena  drainage  basin  (p.  107),  would  develop  sufficient  power  for 
pumping  water  to  Fairbanks  Creek. 

This  method  of  utilizing  the  water  supply  would  dispense  with 
many  miles  of  ditch  construction  and  would  not  only  supply  the  camp 
with  water,  but  also  with  power  for  running  the  hoist,  elevating  the 
tailings,  pumping  water  from  mines,  lighting  the  underground  work, 
and,  in  some  localities,  running  the  dredger. 

STORAGE. 

In  this  country,  where  for  six  months  in  the  year  the  ground  is 
frozen  from  surface  to  bed  rock — 10,  20,  30,  and  in  many  places  more 
than  200  feet  below — and  the  streams  are  closed  by  ice,  it  is  perhaps 
more  practical  to  use  the  daily  flow  of  a  stream  during  the  open  season 
than  to  attempt  to  conserve  any  excessive  run-off;  but  continuous 
records  may  develop  the  fact  that  storage  reservoirs  are  necessary 
from  a  commercial  standpoint,  notwithstanding  the  obvious  difficul- 
ties connected  with  their  construction  and  maintenance. 
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Computations  have  been  made  of  the  amounts  of  storage  that 
would  have  been  necessary  to  maintain  discharges  of  75,  100,  and  125 
second-feet  in  a  ditch  diverting  water  from  Chatanika  River  near 
Faith  Creek.  These  are  given  in  the  following  table,  together  ^nth 
the  number  of  days  of  deficient  flow  for  the  different  capacities: 

Storage  table  for  Chatanika  River  near  Faith  Creek,  2907, 


I   <»* SlSh        <''fl<^*'n*       2»;et  storage  required. 


flow. 


I  Sec.'p.  for 

Sec.'ft.                               I  day.  Arre-ft. 

75    '  40    .             7»5  1.570 

100  56              2,100  4.158 

125    I  63    ;         3,100  6,138 

This  table  covers  the  period  from  June  16  to  September  1.  Diirinj: 
this  time  there  were  days  when  the  discharge  of  the  streams  exceeded 
the  capacity  of  the  proposed  ditches.  This  excess  would  have  been 
stored  in  the  reservoirs.  The  periods  of  deficient  flow  for  the  differ- 
ent ditches  occurred  as  follows:  For  a  capacity  of  75  second-feet, 
from  June  20  to  July  17  and  from  August  11  to  12;  for  a  capacity  of 
100  second-feet,  Jime  18  to  August  1  and  August  12  to  21;  for  a 
capacity  of  125  second-feet,  from  June  15  to  August  6  and  August 
9  to  24. 

It  would  have  been  necessary  to  conserve  the  entire  amount  i»f 
flow  for  the  larger  ditch  previous  to  June  15  and  90  per  cent  of  the 
storage  for  the  100-second-feet  ditch  previous  to  June  15.  After 
July  30  the  daily  discharge  of  the  streams  would  have  taken  care  of 
the  smaller  ditch. 

For  the  satisfactory  development  of  water  supply  for  either  ditch 
lines  or  power  purposes  it  is  necessary  to  have  a  thorough  knowledge 
of  the  flow  of  the  streams  from  which  the  projects  are  to  receive  their 
supply  and  an  understanding  of  the  conditions  affecting  that  flow. 
The  success  of  any  such  project  is  measured  largely  by  the  informa- 
tion which  enables  the  engineer  to  design  his  work  in  accordance 
with  the  maximum  efficiency  of  the  available  water  supply,  and  this 
can  be  determined  with  greater  accuracy  by  the  aid  of  long-continued 
records. 

In  some  of  the  older  mining  camps  of  Alaska  the  results  of  failure 
to  investigate  the  water  supply  and  the  necessity  for  its  use  befon? 
constructing  a  ditch  line  can  be  seen  in  the  almost  dry  ditch  bottoms 
at  times  of  greatest  demand  for  water  and  the  lack  of  productive 
ground  on  which  to  use  the  supply  when  it  is  obtainable. 

If  the  work  set  forth  in  the  foregoing  pages  aids  in  developing  the 
water  supply  in  the  Fairbanks  district  and  points  out  to  the  prospector 
and  engineer  the  value  of  first  investigating  the  water  supply  and  its 
use  before  building  a  ditch,  this  report,  in  a  measure,  yn\\  have  served 
its  purpose. 
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METEOROLOGICAL  RECORDS. 

By  Fred  F.  Henshaw  and  C.  C,  Covert. 
INTRODUCTION. 

The  United  States  is  divided  by  the  Appalachian  and  Rocky 
Mountain  systems  into  three  distinct  geographic  provinces.  Rain- 
fall records  show  that  the  precipitation  is  greatest  on  the  slopes 
toward  the  coast  lines,  and  also  that  it  is  heaviest  on  the  higher 
slope.  Brooks  "  shows  that  similar  geographic  divisions  are  present 
in  Alaska,  except  that  the  general  direction  is  east  and  west,  instead 
of  north  and  south  as  in  the  States,  the  highest  range  lying  to  the 
south. 

Abbe  ^  in  his  report  on  climatic  conditions  in  Alaska  shows  clearly 
that  the  heaviest  precipitation  occurs  on  the  southern  coastal  slope. 
Abbess  tables  also  show  a  marked  diflFerence  between  the  rainfall  of 
the  coast  and  that  of  the  interior.  The  southern  portion  of  Alaska 
is  characterized  by  its  dense  forests,  steeply  graded  but  small  drain- 
age areas,  and  heavy  precipitation.  In  contrast  to  these  conditions 
the  interior  has  larger  drainage  basins,  more  numerous  flat  and  broad 
areas,  less  timber,  and  less  precipitation.  In  Seward  Peninsula  the 
country  is  characterized  by  barren  conditions,  gradual  slope  to  one 
minor  mountain  range,  and  a  comparatively  medium  rainfall,  with 
considerable  local  variation. 

One  of  the  important  facts  brought  out  by  the  stream-gaging  work 
in  Alaska  during  the  last  two  years  is  the  direct  relation  existing 
between  rainfall  and  run-off  during  the  open  season.  This  is  graph- 
ically illustrated  by  figs.  1  and  2  in  this  report. 

It  will  be  seen  from  a  study  of  the  foregoing  pages  that  the  maxi- 
mum discharge  of  streams  usually  occurs  in  May  ^.nd  June,  that  the 
minimum  flow  comes  in  July  ancl  the  early  part  of  August,  and  that 
during  the  latter  part  of  August  and  September  the  discharge  fluctu- 
ates, but  in  the  aggregate  increases  up  to  the  freeze-up,  which  occurs 
in  October.  A  study  of  the  available  rainfall  records  shows  that  this 
distribution  of  flow  is  the  direct  result  of  climatic  conditions.  The 
winter  is  a  season  of  slight  precipitation.  This  comes  in  the  form  of 
snow,  which  accumulates  up  to  about  the  middle  of  April,  when  the 
increasing  sunshine  has  its  effect  and  the  general  break-up  begins. 


a  Brooks,  A.  H.,  Geography  and  geology  of  Alaska;  Prof.  Paper  U.  S.  Geol.  Survey  No.  45,  l9(Ki,  PI.  II. 
bAblje.  Cleveland,  jr.,  Prof.  Paper  U.  S.  Geol.  Survey  No.  45, 190G,  pp.  18&-200. 
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The  discharge  resulting  from  the  break-up  reaches  its  maxiinum  in 
May.  April,  June,  and  July  are  usually  the  months  of  least  pre- 
cipitation. After  the  high  water  caused  by  the  spring  break-up  h^ 
disappeared,  there  is  little  additional  supply  to  the  streams,  owing 
to  the  frozen  condition  of  the  ground  and  the  sUght  rainfall.  Conse- 
quently the  streams  rapidly  reach  a  point  of  low  discharge.  The 
rainfall  records  also  show  that  during  August  and  September  there 
is  a  gradual  increase  in  the  amount  of  precipitation.  This,  together 
with  the  effect  of  temperature  on  the  frozen  ground,  is  the  primary 
cause  of  the  increased  flow  of  streams  at  this  period. 

All  of  this  information  has  an  important  bearing  on  the  develop- 
ment of  the  country.  Mention  has  been  made  elsewhere  in  th^ 
report  of  the  importance  of  an  adequate  water  supply  in  the  develop- 
ment of  placer  mines,  but  placer  mining  is  not  the  only  natural 
resource  of  Alaska  which  affords  promising  fields  for  development. 
Notwithstanding  the  fact  that  in  the  interior  the  ground  is  frozen  the 
greater  part  of  the  year,  during  the  summer,  when  it  is  thawed  to  a 
slight  depth,  the  soil  produces  a  luxuriant  growth  of  vegetation, 
particularly  in  the  lower  Tanana  basin.  It  is  possible  to  raise  many 
kinds  of  vegetables  and  small  fruits,  as  well  as  liay  and  grain,  and 
already  agricultural  pursuits  are  being  followed  more  or  less  near 
the  large  towns.  With  the  high  prices  for  vegetables  and  general 
produce,  the  truck  gardener  in  1906  and  1907  found  this  occupation 
almost  as  lucrative  as  mining.  It  is  obvious  that  in  the  agricultural 
development  of  any  portion  of  this  country  it  is  important  to  know 
the  length  of  the  growing  season,  the  amount  of  precipitation,  and 
the  number  of  sunshiny  days  which  may  be  expected. 

As  meteorological  records  play  so  important  a  part  in  the  develop- 
ment of  Alaska,  it  is  gratif>'ing  to  note  the  number  of  places  at  which 
they  are  kept.  The  importance  of  the  continuity  of  these  records  can 
not  be  too  strongly  impressed  on  the  observers.  For  a  number  of 
years  the  Weather  Bureau  and  the  Signal  Corps  of  the  Army  have 
kept  records  which  cover  most  of  the  coimtry  in  a  general  waj". 

During  1906  and  1907  the  Geological  Survey  collected  a  consider- 
able amount  of  climatological  data  in  the  Nome  and  Kougarok  regions 
of  Seward  Peninsula  and  in  the  Fairbanks  district.  The  daily  records 
for  these  stations  and  the  monthly  summaries  for  all  stations  since 
1902  are  given  in  the  following  pages.  All  records  up  to  1902  are 
taken  from  Abbe's  report,  to  which  previous  reference  has  been  made. 

SEWARD  PENINSULA, 

When  stream-gaging  work  was  begun  in  Seward  Peninsula  in  the 
spring  of  1906,  it  was  thought  advisable  to  obtain  records  of  rainfall  at 
several  points  distributed  so  as  to  cover  in  a  general  way  the  whole  of 
the  peninsula.     Four  rain  gages  were  installed,  the  stations  selected 
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being  Nome,  on  the  southern  coast ;  Salmon  Lake,  about  40  miles  inland 
and  south  of  Kigluaik  Mountains;  claim  15,  Ophir  Creek,  near  Council 
in  the  eastern  portion  of  the  peninsula;  and  Deering,  on  the  coast  of 
Kotzebue  Sound  to  the  north.  No  records  were  obtained  from  Deer- 
ing, and  therefore  all  the  data  procured  here  were  for  the  area  south 
of  the  mountains,  where  there  are  no  striking  differences  in  climate. 
In  1907  the  scope  of  the  observations  was  broadened,  and  an  attempt 
was  made  to  establish  a  line  of  rainfall  stations  from  coast  to  coast  of 
the  peninsula  across  the  Kigluaik  Mountains.  Additional  rain  gages 
were  installed  at  Black  Point,  near  the  head  of  Nome  River;  at  the 
forks  of  Grand  Central  River,  in  the  heart  of  the  mountains;  and  at 
Shelton  and  Taylor,  north  of  the  mountains.  No  records  were  ob- 
tained on  the  northern  coast.  The  location  of  these  stations  is  shown 
on  Pis.  IV,  VII,  and  XII,  and  other  information  in  regard  to  them  is 
given  in  the  following  table : 

Seward  Peninsula  raxnfall  stations. 


Observer. 


Date 
established. 


Ophir 

Black  Point. . . 
Grand  Central 
Shelton 
Taylor 


20     Arthur  Gibson >  June  14.1906 

2  I  J.  P.Sarouelsonand  June  26,1900 
M.  Donworth. 

C.  Arnold July     1,1906 

F.  F.  Miller June  23, 1907 

Comelus  Edmunds  July  10,1907 

Lars  G  underson J  uly  12, 1907 

A.  E.  Edgtvct July  18,1907 


The  records  for  1907  show  a  striking  difference  between  the  Kigluaik 
region  and  the  countiy  south  of  the  mountains.  The  totals  for  the 
three  months  July  to  September  at  Shelton  and  Taylor  are  only  2.51  • 
and  2.79  inches,  respectively.  These  are  less  than  one-half  the  total 
at  Nome,  about  one-third  that  at  Black  Point  and  Salmon  Lake,  and 
only  one-sixth  the  amount  at  Grand  Central.  This  deficiency  is 
probably  due  to  the  fact  that  the  heaviest  rains  are  accompanied  by 
southerly  winds  which  loose  most  of  their  moisture  by  the  time  they 
have  passed  the  mountains.  The  largest  percentage  of  rain  accom- 
panied by  winds  from  the  south  was  76  per  cent  at  Black  Point ;  the 
smallest,  35  per  cent  at  Taylor.  The  whole  region  is  subject  to 
local  showers,  many  of  which  are  heavy  in  one  valley  and  not  felt  in 
the  next.  The  rain  from  a  general  storm  is  often  very  unequally 
distributed. 

The  following  statement  gLves  briefly  the  climatic  conditions  exist- 
ing in  this  area  during  the  years  1899-1907: 

1899.  July,  four   rainy  days;  August,  fourteen   rainy  days;  September,  fourteen 
rainy  days;  recorded  at  Teller. 

1900.  June  and  July,  warm  and  dry.  tundra  fires  common;  August  to  end  of  Septem- 
ber, rain. 

1901.  June  to  August,  inclusive,  cold  and  foggy  with  some  rain;  September  and 
October,  usually  clear  and  cold  with  one  or  two  hard  rains  of  a  few  days'  duration. 
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1902.  June,  dry;  July,  ten  rainy  days;  August,  six  rainy  days;  September.  thre« 
rainy  days;  recoided  at  Teller. 

1903.  Summer  warm;  little  rain,  but  considerable  fog. 

1904.  June,  dry;  rainy  days  aa  follows:  Ten  in  July,  ten  in  August,  ten  in  Septem- 
ber; temperature  moderate. 

1905.  Very  wet  and  cold  the  whole  season. 

1906.  Very  warm  and  dry;  tundra  fires  common;  maximum  temperature  85°. 

1907.  A  heavy  snowfall  and  a  late  spring;  rainfall  not  excessive,  but  water  supply  -i 
Nome  rt»gion  giKxl  on  ac<*ount  of  its  even  distribution  throughout  the  reason. 

The  records  of  rainfall,  snowfall,  temperature,  and  other  weather 
elements  observed  in  Seward  Peninsula  are  given  below : 

Monthly  rainfall,  tn  inches,  in  Seward  Peninsula,  190&-7. 


SUtlon. 


June. 


Nome. 
8«liiion  I^ke. 
Ophir 


1906. 


1907. 

Nome 

Black  point 

Salmon  Lake 

(trand  Central 

Shelton 

Taylor 


Trace. 
Trace. 
Trace. 


1.31 
2.02  I 
2.31  ; 

(o) 
(a) 
(a) 


July. 

AUffUSt. 

'■er 

Total. 
June  to 
August. 

Total. 
June  to 
Septem- 

Total. 
July  to 
SeDtecj- 

2,38 
4.82 
3.67 

2.50 
3.33 
1.91 

2.68 
2.85 
3.65 
7.19 
1.33 
.96 

1.02 
3.26 

(a) 

1.41 
3.26 
2.26 
5.06 
.47 
1.17 

4.88 
8.25 
5.48 

6.07 
7.41 
7.75 

5.90 
11.51 

11.51 

2.06 
1.04 
1.T9 
3.bl 

7.48 
10.67 
10.01 

7. 7s 
1;l^. 

.71 

2.51 

.G(i 

■l?:> 

Day. 


o  No  record. 
Daily  rainfall,  in  ir^ches,  at  stations  near  Nome,  1906. 

July. 
>    Nome. 


I 


August. 


Salmon 
Lake. 


I 


Ophlr.       Nome. 


Salmon 
Lake. 


Ophlr. 


September. 
Nome. 


SaliDOE 


I 


I 


Trace. 


ao« 


.*{ 

a  12 

4  

.35 

5 

.35 

fi 

.10 

a  0.  52 

.17 

8 

0 

:{7  , 

.92 

2.32 
.31 

10 

11 

:::.::::.      n\ 

.25 

12 

.04    .. 

l.'i 

14 35 

aoe 


1.30 
.19 


ao7  ; 


17. 

18. 
19. 
20. 
21. 
22., 
2:^. , 
24. 
25. 
2()., 
27., 
2H.. 
29.. 


.85 
.01 
.02 
.01 
.02 
.02 


.25 


.08 
.27  ] 
.04  ' 


.35 


.01 
.01 
.00 
.25 
.01 


.01 


6.41 


a  17 
.07 
.23 
.28 


0.01 
.05 


Trace. 


.29 


.08 
.12 


.10  1 


.12 
.01 


.10 


.80 


.04 
.37 
.30 
.14 
.15 


.67 


.31 
.31 


.14 
.16 


.28 
.04 


.50 


.01 

.78 
.23 


.05 
.40 
.32 


2.50 


3.33 


1.91 


a  Total,  July  1-7.  5Totol,  Aug.  6-7. 

Note.— During  June  there  wus  no  measurable  precipitation  at  any  of  the  stations. 
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Dcnly  rainfall 

and  snowfall,  in  inches ,  at  Noim,  1906-7. 

I>ay. 

Octo- 
ber. 

No- 
vember. 

January,    j     February.    1       March. 

1 

April. 

May. 

Raln.a 

Raln.a 

Rain,  t  Snow. 

Rain. 

Snow.l  Rain. 

Snow,  i  Rain. 

1 

Snow. 

Rain. 

Rain. 

1     

0.20 
.12 

1 

2 

0.13 

1.2 

3 

1 

0.52 

4.2 

0.05 

4 

i 1 

.40 

3.6 

.03 

5 

0.14 

1 

.13 

1.1 

.39 

6 



1 

.95 

6.0 

' 

.08 

7 

6.17  1     2.6 

.36 

3.0 

-12 

8 

[ 

9             .   .. 

.13 

::::::::i:;:;:::i::::::: 

1 

1 

10 

1 1 

.23 

1.6 

.87 

7.5 

11 

::::::::  :::::::i:::::::'::::::: 

1 

12 

1       1 

1 

13            

1       {       1 

.07 
.26 

.5 

14 

.09 

1      1 

.09 
.04 

15 

■ 

.28        4.0 

lb 

1 

1 

i              1 

17 

L    

i 

.57 
.09 

5.5 

1.0 

:::::::::::::; 

18 

1 

19 

1 

20 

.32 

3.0 

21 

22 



23 

.04 

24 

.74 
.24 
.08 

5.5 
2.8 

....  . 

0.56 
.30 
.41 
.04 
.15 

4.5 
3.0 
3.6 
.5 
2.3 

.75 
.08 

5.7 

.8 

0.03 
.07 

.04 

25 ' 

.24 

26 1        .23 

1.0 
Tr. 

27 1        .34 

28                    1 

1 ! 

29 

.38 

5.0 

"■  r       1 

30 1 

1 

31    -  ■■■;|  ;;;;;; 

.30 

4.5 
20.8 

I     . 

1 1 

2.64 

13.9 

3.37 

.03 

.32  1    1.91 

25.2  1     1.46 

28.8 

.10 

1.12 

a  Most  ofthe  precipitation  in  October  and  November  was  in  the  form  of  snow;  snowfall  not  measured. 
Daily  rainfall ,  in  inches,  at  stations  in  Seward  Peninsula,  1907. 


June. 

July. 

August. 

Day. 

Nome. 

Black 
Point. 

Salm- 
on 
l^fclce. 

Nome. 

Black 
Point. 

Salm- 
on 
Lake. 

Grand 
Central. 

Shel- 
ton. 

Tay- 
lor. 

Nome. 

Black 
Point. 

Salmon 
Lake. 

1 

1 

1 

2 

:;::::':;::::;i::::;;: 

0.17 
.02 
.01 

3 

1         ; 

1 < 1 



4 1 

1 

1...        '     .         J 

5 

0.03 
.48 
.30 
.01 

0.12 
.35 
.13 
.14 

6.' 54' 
'"'.io 

a  0.12 
«.88 
a.  14 
a.  24 

6 



0.a5 
.08 

a  6. 67 
a.  11 

,           1              1 

7 

::::::i;:::::::::::::i:::::::: 

8 

1      1       ■ 

9 

i      '       1 

10 

.io 
.12 

'".'io' 
.10 

.    .   . 

1 [•■••:"--| 

11 

.03 
.02 
.07 
.01 

.02 
.05 
.07 
.04 
.02 
.07 

6.12 
6.16 
6.07 
6.13 
6.11 
6.07 

...... ......|   .............. 

12 

Tr. 

.09 
.04 
.10 
.56 
.50 
.15 
.02 

13 

0.19 

:il 

.38 
.07 
.01 
.05 
.'22 
.06 

0.40 

14 

.01 
.01 
.01 

...... 

...... 

15 

lb 

a.  26 
0.06 
a.  56 
a.  21 
a.  34 

CO.  46 

.05 

,39 

17 

.08 
.31 
.06 
.21 

.65 

18 

.63 
.32 
.36 

.20 
.06 
.05 
.04 

.12 
.04 
.10 
.28 

'".'26" 

.26 

6.12 
6.04 
6.40 
6.58 

.40 

19 



20 



".06 

.14 
Tr. 
Tr. 
.29 
.08 

Tr." 

.15 
.06 

.32 

21 

17 

22 

23 

.02 
.03 
.20 
.27 

.02 
.08 
.22 
.69 

'"■.'26' 
.34 

.22 
.47 
.04 

.16 

-;..• 

6.18 
6.17 

.0.5 
.04 

.6i 

.11 
.02 
1.02 
.20 
.07 

.or» 

.07 

24 

.22 
.03 
.30 
.22 
.06 
.05 
.10 

.10 

25 

% 

............. 

.  Ii5 

27 

j 

:::::;::::.;.;: 

.15 

28 

1 

29 

' 1 

.30 

30 

.17 

■•:i2 

.08 



.12 
.03 

.12 

31 

1.31 

2.62 

2.31 



2.08 

1.94 

1.79 

3.61 

.71 

.06 

2.68 

2.85 

3.U1 

0  Estimated  by  comparison  of  stations. 

6  July  10  to  16  total  was  0.66;  Julv  17  to  25  total  was  1.49;  theso  were  distributed  in  proportion  tu  rain- 
fall at  Black  Point  and  Salmon  Lake, 
c  Total  June  1  to  16. 
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Daily  ram/all,  in  inekeg,  at  tlaiionM  in  Seward  Peninmda,  1907 — Continued. 


August  -  ('ontlDued.    ! 

Septe 

Salmon 
Lake. 

mber. 

1- 

Ta> 

a 

Oc 

bi 

rlor.  No 
03     .. 

to-  'SofTCm- 
»r.       ber. 

D^y. 

Grftod 
Cen- 
tral. 

Sbel- 
ton. 

i 

Taylor.  Nome. 

1 

Black 
Point. 

Gran 
Cen- 
tral. 

ao 

ton 

me.  KoiDr. 

I 

I               1 

a  10 

5        0.01  1 

ii'A 

2 

a20 
.00 

.06 

a  01 
.16 
.06 

.01    ... 
rr    ... 
.33   -  . 
rr    ... 
.06   ... 


3 

.02  1 

.06 
.16 

*    6.34' 

.0 
3 
.0 

■'.0 

l!9 

.0 
.0 

1  , 

4 

ao9 

2 

02 

5 

1 

M 

li 

, 

.10 

"  .*i4 
.20 
.36 
1.40 
.33 
.07 

.10 

.16 
.46 
.36 

.60 
.17 

y    ■ 

01 

7 ' 

[)L02  

H 

.07 
.17 
.61 
.08 

I 

Dl 

.01  "... 
.27  i... 
.28  1... 

9 

10 

1 

1 

ao 

U    .    . 

.02 
.02 
.08 
.10 

Tr.  ; 
Tr.  L 
.03   . 
.07 

12  '.... 

.'6i  ..'. 

12 

13  .       ... 

.01 
.10 
.03 

....     1 

14 

04 

.07 
.22 

....... 

1        .05   

1 

:;;j"" 

'.\Y\.'.\ 

rr   j... 

1 

15 

Tr.          .06  ' 
Tr ' 

16 

.70 

.00  < 

.83  ;        .11  ' 
.40*        .13 

.16  1. 
.13   . 

M 

18 

•  -, 

•■-! 

Tr    ... 

19 

.02          -OS 

1 

20 

.07 

1 
.'221      ".03 
.01  ' 

"".'m* 

. ' '.'63 .' 

1 

Tr.   ... 

21 

.48 

oa  . 

06 

22 

:!2 !.....::.! 

.02    

.20  1        .12  . 

j 

.04   

23 

.01    . 

.07    . 

24      .      . 

.06 

"""."i5 

"a  6 

T 

6' 

I  ' 

r. 

.051 

26 

.14'        .03 
.60          .20 

20             -07 

.02  1        .02  1 

-•1 

.O5I 

26 

.08    . 
.03 

I 

27 

.M  • 

1 

2k 

.07 

1  go 

04 



2<» 

m  < 

Tr           -01  1 

31) 

.02    t 

.05  1. 
Tr.    . 

j 

31 

1 

1 

1 

i      7. 19  1 

1              1 

.33  • 

.96        1.41  1 

1              ' 

a  26 

1      226 

,      6.06  1 

47 

1 

.17  1 

.W;        ^A 

Daily 

Jan. 
2a5 

mean  temperature  {^F.)at  Nome,  1906-7. 

DEy. 

Dec. 

Feb.     Mar. 

Apr. 

-  a5 

15.0 

ia5 

12  5 

lao 

-0.5 
.0 

-  20 

lao 
ao 
lao 

26.0 

3a5 

29.0 
17.5 

ia5 

5.5 
7.0 
&0 
18.5 
24.0 
26.0 

3ao 

33.0 
35.5 
37.  5 
37.0 
34.0 
36.0 
36.0 

10.0 

May. 

37.5  , 
37.0 

4ao  , 

37.5  ' 
35.5 
3a5  1 
38L5  1 
4a  0 

4a  5  ; 
39.5  1 

26.0 
20.5  1 
'22  5 

2ao 

2&0  1 
215 

3ao 

31.0 
31.0 
320 
36.0 
37.5 
4a5 
39.0 
36.5 
34.0 
2&5 
34.5 
36  0 
4a5 
38.5 

June. 

41.0 
45.0 
42  5 
44.0 
41.0 
46.0 
41.0 
38.0 
52  0 
5a5 
4&0 
51.0 
57.5 

sa5 

420 
425 
4a  5 
45.0 

4ao 

42  0 
45.0 

4a  5 

52  5 
.52  5 
49L0 
47.0 
42  5 
41.5 
44.0 
45.6 

July 

Aug. 

Sept. 

! 
Oct.    .Nor. 

1 

&5 
-1.0 

-  5.5 

-  20 
-11.5 

-ia5 

-  1.5 

-lao 

-15.0 

-lao 

-14.0 
-25.0 

-2a5 
-ia5 

-27.5 

-220 

-1&5 

-225 

-1.5.5 

-225 

-l&O 

-6.0 

-1.5 

12  5 

25.0 

24.5 

17.5 

6.5 

9l5 

1.5 

2a5 

24.0 

2ao 

20.5 
28.5 
2B.0 
25.5 
20.5 

2ao 

21.5 

7.0 

-4.5 

-  5.0 
-4.0 

1.5.0 

ia5 

-  &0 

-  ao 

-15.5 
-17.0 

-ia5 

16.0 

lao 

-  8.0 

-lao 

-14.5 
-18.5 
-19.5 

-  6.5 

45.5 
4a  5 
44.5 
46.0 
4a  0 

5ao 

46.5 

4a  0 

51. 5 
56.5 
57.5 
49.0 
4a  5 
51.0 
52  0 
51.5 
49.0 
46.5 
46.5 
49.5 
49.0 
4&5 
510 

5ao 

51.0 
520 
47.0 
46lO 
61.5 
56.0 
67.5 

64.0 
64.5 
54.5 
54.0 
4&0 
44.0 
520 
58.0 
50.5 

5ao 

54.5 
57  5 
5a5 
56.0 
6a5 
5a5 

4a  5 

51.0 
48.5 
54.0 

sao 

48L5 
42  0 
38.5 
40.0 
415 
45.5 
44.0 
47.0 
45.5 
41.0 

4a5 

41.0 
37.0 
4L5 
420 
38.6 
41.0 
44.5 
4&5 
47.5 
46.5 
42  0 
3a5 

4ao 

45.5 
38.0 
39.0 
38.0 
36l5 
35.5 

4a  5 

3S.0 
36.0 
37.5 
39.0 
45.5 
42  0 
45.0 
45.0 
420 

4ao    u^' 

2 

3 

4 

2,0 

2.0 

-2.0 

2a5 

14.0 
25.5 
15.5 
25.0 
24.5 
11.5 
&0 
4.0 
2a5 

310     Ui 
25.0       i5 
26.5       h< 

5 

-2.0 
5.0 
1.0 

-  .5 

25.5       i5 

6 

2&.0      &'- 

7. 

325       iJ 

H 

310'-  30 

9 

10 

11 

-5.0 
-  .5 
-3.0 

24.0-  <l- 
22L0I     1' 
36.  U      K- 

12 

13 

U 

1.). 

6. 0       25.  0 
3. 5       24.  0 
aO       1&5 
17.0       16.0 
2a  0    -     .5 
16.5    -  7.5 
8..-»    -20.0 

as  -  6.0 

26.0      B'- 
IftO      ^'" 

21.0    ^^ 
210    r.' 

16 

17 

23.5     iii 
2fiL5      JVC 

18 

19 

23.0     »5 
27.0     li3 

20 

21 

22 

23 

24 

2.'! 

26 

27 

28 

29 

30 

31 

-  .5 

-4.0 

•2.0 

-1.0 

lao 

20.0 
18.0 
&5 
70 
19.0 

2ao 

25.5 

11.5 
11.5 
1.5 

2ao 

21.5 

2a5 

14.0 

las 

10.5 

4.5 

.5 

.0 

2a  0      45 
27.0     liO 
27.0      4> 
23.0      iJ 

2ao    <■ 

34.0  -i 
29.5  -^\ 
21.5  -i 

las     L^ 

7.0 

Mean 

1 

6  8 

11 

9 

,-7.a 

5.6 

34.3 

46.5 

sao 

49Ld 

41.1 

24.5      ^i 
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Day. 


1.. 
2.. 
3.. 
4.. 

5.. 

ti-. 
7.. 
8.. 
9.. 
IC. 
11.. 
12.. 
13.. 
14.. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 


30.85 
90.89 
31.00 
30.78 
30.43 
30.40 
30.79 
30.43 
30.36 
30.33 
29.90 
30.08 
30.24 
30  12 
29.75 
29.73 
29.86 
30.10 
30.35 
30.40 
30.27 
29.57 

24 1  29.38 

25 i  29.16 

20 1  29.77 

27 30.24 

28 30.24 

29 1  30.04 

30 1  29.87 

31 -....j  29.84 

Mean 30.17 


Dec. 


Jan. 


29.97 
29.68 
28.95 
29.31 
29.97 
29.12 
29.89 
30.43 
31.06 
30.81 
30.60 
30.47 
30.40 
30.37 
30.20 
30.28 
30.51 
30.32 
29.98 
29  26 
29.97 
29.84 
30.56 
30.73 
30.78 
30.74 
30.72 
30.72 
30.61 
30.48 
30.62 


30.24 


Feb. 


30.64 
30.64 
30.58 
30.50 
30.24 
30.05 
29.96 
30.23 
30.22 
30.03 
29.90 
2a  79 
29.49 
29.60 
29.79 
30.20 
30.18 
30.39 
30.37 
30.43 
30.27 
29.95 
29.92 
29.29 
29.07 
29.21 
29.58 
30.02 


30.02 


Mar. 


30.04 
29.67 
29.46 
29.66 
29.38 
30.04 
29.69 
30.21 
30.26 
29.59 
29.87 
3a  15 
30.65 
30.50 
30.35 
30.14 
29.14 
29.46 
29.96 
29.80 
30.13 
30.54 
30.10 
29.10 
29.74 
30.39 
30.44 
30.66 
30.72 
30.32 
30.26 


30.01 


Apr. 

May. 

June. 

July.     Aug. 

Sept. 
29.83 

Oct. 

30.12 

30.10 

29.92 

30.00 

29.84 

29.40  ' 

30.22 

30.25 

29.83 

30.00 

29.68 

29.93 

29.44 

29.77 

30.18 

29.75 

29.85 

29.74 

29.90 

29.45 

29.60 

29.77 

29.75 

29.71 

29.68 

29.90 

29.55 

29.70 

29.75 

29.87 

29.71 

30.04 

29.95 

29.76 

29.82 

30.00 

29.81 

29.66 

30.14 

29.88 

29.77 

29.93 

29.87 

29.85 

29.94 

29.95 

29.77 

29.67 

29.86 

29.80 

29.82 

30.02 

30.00 

30.17 

29.69 

29.85 

29.78 

29.82 

29.76 

29.97 

30.29 

30.04 

30.05 

29.68 

29.73 

29.85 

29.85 

29.95 

29.95 

29.93 

29.70 

29.75 

29.79 

29.86 

29.95 

29.92 

29.75 

20.72 

29.86 

30.21 

29.84 

30.44 

30.06 

29.75 

29.83 

30.00 

30.18 

29.72 

30.32 

30.15 

29.85 

29.82 

29.86 

30.10 

29.89 

30.00 

30.20 

30.03 

30.16 

29.88 

29.80 

29.98 

30.11 

30.16 

30.27 

30.40 

29.99 

29.90 

29.74 

30.10 

30.06 

30.48 

30.51 

29.93 

29.94 

29.68 

29.97 

29.89 

30.36 

30.50 

29.66 

29.90 

29.76 

29.00 

29.77 

30.00 

30.37 

30.12 

29.91 

29.66 

29.78 

29.35 

30.06 

30.32 

29.96 

29.55 

29.22 

29.20 

29.20 

30.42 

30.12 

29.82 

29.67 

29.32 

29.15 

29.27 

30.33 

30.06 

29.86 

29.80 

29.58 

29.68 

29.68 

30.17 

30.00 

29.64 

29.83 

29.77 

29.94 

29.74 

29.96 

29.93 

29.90 

29.83 

29.66 

29.93 

29.44 

29.91 

30.00 

29.83 

29.90 

29.79 

29.49 

29.44 

29.73 

30.06 

30.00 

29.90 

29.67 

29.55 

29.48 

29.95 

30.10 

30.28 

29.87 

29.81 

29.42 

29.76 

30.06 

30.20 

30.29 

29.96 

29.64 

29.28 

29.78 

30.28 

30.11 

30.22 

30.00 

29.70 

29.56 

29.77 

30.00 

29.91 

30.18 

29.96 

29.23 

29.70 

30.00 

29.80 

29.75 

29.50 

30.15 

30.01 

30.03 

29.91 

29.88 

29.75 

29.64 

29.74 

29.93 
29.75 
29.74 
29.76 
29.63 
29.42 
29.78 
30.03 
29.87 
29.98 
30.32 
29.98 
29.66 
29.57 
29.40 
29.56 
29.30 
29.31 
29.48 
29.34 
29.35 
29.27 
29.45 
29.64 
29.68 
29.78 
29.60 
29.42 
29.75 
29.87 


29.65 


Summary  of  meteorological  observations  at  NoToe,  December,  1906,  to  November^  1907. 

Total  precipitation,  rain,  and  melted  snow inches. .  18. 30 

Total  snowfall do 91.9 

Maximum  temperature ®  F. .  69 

Minimum  temperature ®  F. .  —32 

Mean  daily  maximum  temperature ®  F. .  30. 7 

Mean  daily  minimum  temperature ®  F. .  17. 7 

Mean  of  means  of  maximum  and  minimum  temperature ®  F. .  24. 2 

Mean  barometer inches. .  29. 92 

Number  of  clear  days 152 

Number  of  partly  cloudy  days 50 

Number  of  cloudy  days 163 

FAIRBANKS  DISTRICT. 

In  connection  with  the  stream-flow  investigations  begun  in  the  Fair- 
banks district  in  1907,  it  was  considered  advisable  to  establish  a  few 
rajnfall  stations  at  different  places  in  the  territory  covered.  Four 
rain  gages  were  installed  at  the  places  listed  in  the  following  table. 
All  records  are  kept  by  voluntary  observers. 
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WATER   SUPPLY   IN   ALASKA,   1906-1907. 


Rainfall  siatioru  near  Fairbanks. 


station. 


Summit  Road 
House. 

Cleary 

Poker  Creek... 
Faith  Creek... 


Letter 

on  Pis. 

IX  and 

XII. 


II 
K 
L 


I 


Lati- 
tude. 


Elevation. 


Longi- 
tude. 


.\bove 

sea 
level.a 


Above 
ground. 


65°  oy    147°  ay 


65°  05'  I 
66°  08'  I 
65°  17'  I 

I 


147°  26' 
147°  28'  : 
146°  23*  ' 


Feet. 
2,310 

1,000 

750 

1,400 


Feet. 
3 

4 
.    6 

4 


Obaerver. 


Dttt 


Mrs.  Annie  M.  Walsh July  ' 

Charles  Sinclair Jon^t 

G.  M.  Sabean A^m 

M.T.KerrIck July  i 


o  Approximate. 

The  records  kept  at  these  stations,  together  with  those  being 
obtained  by  the  United  States  Weather  Bureau  at  Fairbanks,  Cen- 
tral, and  Circle,  give  a  general  idea  of  the  rainfall  distribution  from 
Fairbanks  on  the  Tanana  to  Circle  on  the  Yukon,  150  miles  to  the 
northwest. 

Mean  monthly  precipitation  at  stations  in  YtLkon-Tanana  region^  1902-1907, 


Stotlon. 

1 

1 

1' 

1 

i 

•-» 

(A 

< 

i 

1 

i 

7i 

1 

li 

i«ord. 

1 

1 

Yrs.    Mos 

Central 

0.80 
1.05 

0.24 
.29 

1.31 

0  70 

0.73 
.83 

3.56 
.54 

3.11 
L77 

1.85 
2.33 

0.S2 
1.60 

0.701  0.80 
1.151    .30 

a35 

.51 

14.67, 
11,65 

1        ' 

Circle 

.52     .67 

1       2 

Fairbanks 

1.99 

.58 

.93!     .11 

.36   1.26 

2L16 

1.98 

L56 

L37     .92 

.88 

14.101 

1,       i^ 

Fort  Egbart...\... 
Fort  Gibbon 

1.01 

.39 

1.37 

.18 

.66   1.23 

1.96 

L73 

L05 

L«3i    .72 

.38 

13.53. 

r 

.54 

.49 

.46 

.10 

.50     .74 

2.80 

3.04 

LOS 

.85     .62 

.50 

11.59) 

i      3l; 

Kechumstuk 

.46 

.11 

.12 

.22 

L24    1.51 

1.87 

1.77 

1.20 

.621    .22 

.21 

9.56, 

2'       \> 

North  Fork 

.70 

.39 

.18 

.40 

1.66  2.33 

2.13 

2.04 

L52 

.421    .52 

.29 

12.58 

1        \i 

Rampart 

.90 

.26 

.67 

.03 

.42 

1.04 

2.04 

2.66 

L6C 

.82|  L19 

.33 

11.96] 

I        I- 

Dawson 

1. 01 

.67 

.46 

.54 

.97 

.86 

1.85 

1.77 

L82 

L60   L12 

LIO 

.3.77, 

5       l^ 

Note.— Values  for  the  different  months  are  averages  of  all  observations  (or  that  month.  In  tf* 
column  headed  "Year"  is  given  the  total  of  these  averages.  Amounts  given  for  the  winter  montn^ 
October  to  March,  represent  melted  snow,  and  as  a  rule  are  taken  as  one-tenth  of  the  snowfall. 

Purington^  publishes  a  summary  of  the  rainfall  data  previous  to 
1903  as  compiled  by  Cleveland  Abbe,  jr.  These  tables  show  not 
only  the  marked  variation  in  rainfall  along  the  coast,  but  the  varia- 
tions between  the  rainfall  of  the  coast  and  that  of  the  interior. 

A  record  for  thirteen  years  and  eleven  months  at  Juneau  shows  a 
yearly  average  of  93.1  inches,  and  one  for  fifty-two  months  at  Eagle 
gives  an  average  of  11.4  inches.  A  similar  table  compiled  from 
records  obtained  subsequent  to  1902,  at  stations  in  the  interior,  gives 
a  range  from  9.55  inches  at  Kechumstuk  to  14.67  inches  at  Central. 
This  table  also  shows  that  the  heaviest  precipitation  occurs  during  the 
period  from  June  to  September,  inclusive,  and  that  the  months  of 
April  and  May  are  usually  months  of  least  precipitation.  For  the 
source  of  the  data  in  this  table  see  pages  142  to  149,  inclusive,  in  this 
report. 

The  following  tables  show  the  daily  and  monthly  rainfall  at  stations 
near  Fairbanks: 


a  Purington,  C.  W.,  Methods  and  costs  of  gravel  and  placer  mining  in  Alaska:  Bull.  U.  S.  Geol.  Sor- 
vey  No.  2ti3.  1905,  page  48. 
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Daily  rainfall,  in  inches^  at  stations  near  Fairbanks,  1907. 


Janu- 
ary. 

0.05  ' 
.22 
.16 
.35 
.35 
.04 

Febru- 
ary. 

Mareh. 

April. 

May.  . 

June. 

July. 

Day. 

Fairbanks 

. 

I 

Fair- 
banks. 

Sum- 
House. 

Faith 
Creek. 

2 

0.05   . 

j 

0.02 

;j 

0.04 

0.09 

4 

'"'6:63' 

.04   . 

5     

6.  id 

.09 

.11 

1 

.04 

t) 

0.30 
.06 

7     

.35 
.01 

•v\ 

.14 

S 

.36 
.75  1 
.20' 

•""i 

09 

9 

'".'lb 
.04 
.07 

:JI 

.07 
.03 

.04    . 

"".'i?' : 

.40   . 
.17  • 
.05 

0.15 

10 

.is 

.05 

.50          .47 

.12          ,09 

.22  1        .32 

1 

.03 

11 

.62 
.05 

.14 

12 

1'" 

13 

.06 

1 

.«< 

14     

1 

.30  1 

.05          .19 
.24  ,        .20 
.03  '        .01 
.24           .15 

.05 

15 

IH     

ao3 

:::::::: 

■■":62i:::::::: 

.18  1 

.01 
.19 

.28 
.11 

17 

.40 
.10  1. 



.10 
.02 

.01 

IX 

.09 

.35 

10 

.13 

20     .      ... 



.i4 

.13 

21 

.62 

22       

.01 

23 

"  .26 
.05 

... 



24 



.25 
.18 
.06 

.22  !        .27 

.15  1 

.02  ;       -12 

.23 

2.5 

.20 



J 

26 

1 

.31 

27::::::::::  ■:::::i::::::::::::::::::::::::i::::::; 

0.01 
.41 

.07 

•28 

.06 

.23 

29    

.13 

.01 

.30  1        .42 

...... ^. 

.13  ,        -06 



30 

.12 

31 

Total. 
Snowfall . . . 

■  ■  • 
b3.30 
33.0 

ft. 86 
8.6 

ft  2. 42 
24.2 

ft. 03 
.30 

.35 

1.47  '    C.84 

1.51 

2.71 

2.65 

1.87 

1 

August. 


Septemljer. 


()ctoi)er. 


iNovem- 
1)6  r. 


Day. 


Sura- 
Fair-  I    mit 
banks.    Road 
I  House. 


Cleary. 


1 .. 
2.. 
3.. 
4.. 
5.. 
fi.. 
7.. 
8., 
9.. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 


0.72 
.01 


1.27 
.06 


1.17 
.12 


Poker  !  Faith  |   Fair- 
Creek.    Creek.  ,  banks. 


Cleary. ' 


Poker  '   Fair- 
Creek,    banks. 


0.49 
.19  ' 


Tr. 


a02 


Poker 
Creek. 


Poker 
Creek. 


.09 


.25 


.27 
.07  I 
.42 
.11  , 


.04  I 
.22 


0.05  I 
.24 


.46 


.33 
.05 


.20  I      0.18  , 
.03  .03  , 

.11    1 

.15 
.15 
.10 
.02 


0.08 
.14 


.01 


.18  ' 

.02  I 

.05 

.23 

.71  , 


.12, 
.11  ! 
.22 


.21   I 
.80 


.01 
.02 
.01 
Tr. 

.88 


Tr. 

Tr. 

Tr. 

a  05 

.10 

.30 

.20 

.10 

05 

.09 

.17 

.23 

.30 

.50 

.20 

.25 

.10 

.09 


.12 


.09  I 


.05 


.01 
.01 
.07 


.07 
.04 


.01 


.05 


.18 
.12 


.19  I. 

.04  ! 

.20  I 

.13  i 
.03 


.10 
.11 
.09  ; 
.13 


.13    . 
.02 
.13    . 

.04  j 
.15  I 

I 


.22 

.27 


.70  ;. 

.10  I. 


.03 


Tr. 


.13  1 


.15 
.36 


.15 
.15 
.16  I 
.37 
.01 


.15 


•:52i 

.23  , 


.40 
.13 

.27  I 
.15 


.20 


28. 
29. 
30. 


.13 


.26 
.13 


.22  I 


.02  I 
.15 


.09 
.54 
.13 


.35 
.50 


.30 
.47  I 


.20  I 
.15 


Total.]      1.81         3.27         2.88         1.40         3.00         3.58         3.82  ,      3.70      ft  2. 44  ,       1.70  I 
SDOwfali...] 24.4         24.0    i 


3.30 


a  Drifting. 


ft  Taken  as  10  per  cent  of  the  snowfall. 


c  June  26  to  30. 
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WATEB  SUPPLY  IN  ALASKA,  1906-1907. 


SUMMARY  OP  RECORDS  SINCE  190a. 

All  meteorological  records  obtained  at  stations  in  Alaska  up  to  1902 
have  been  compiled  by  Abbe."  The  following  tables  complete  the 
record  of  precipitation  to  1907,  inclusive.  The  values  for  1903  to  1905 
for  Weather  Bureau  stations  have  been  taken  from  the  annual  report 
of  the  Chief  of  the  Weather  Bureau.  Those  for  1906  and  1907  were 
obtained  from  the  original  records  through  the  courtesy  of  the  Bureau 
officials.  The  snowfall  is  given  only  for  1906  and  1907.  For  these 
years  the  amount  of  rainfall  and  melted  snow  is  given  in  the  first  line 
and  the  snowfall  in  the  second  line. 

Most  of  the  amounts  given  for  the  winter  season  in  the  previous 
years  represent  melted  snow,  and  many  of  them  have  been  taken  as 
one-tenth  of  the  observed  snowfall.  The  water  equivalent  of  snow- 
fall varies  considerably,  and  in  general  is  probably  somewhat  less  than 
this  proportion  in  Alaska.  In  many  parts  of  Alaska  the  snowfall  is 
accompanied  by  wind  and  piles  up  in  the  form  of  drifts  in  sheltered 
places.  This  renders  the  accurate  measurement  of  the  quantity  of 
snow  very  difficult,  and  many  of  these  records  can  therefore  be  re- 
garded as  only  approximate.  The  locations  of  all  rainfall  stations 
are  given  on  PI.  XII. 

Summary  of  records  of  precipitation  at  staiunu  in  Alaska.^ 
n.  BLACK  POINT. 


ILatltude,  M'^Sl*;  longitude,  165°  lO'.] 


Year. 


Jan.  ,  Feb.  I  Mar.    Apr.  I  May.  June..  July. ,  Aug.     Sept.  ,  Oct. 


1907 


2.62  ,  t.94  ,    2.85  !    3.26  i 


Nov.     Doc.  I  Annua!- 


1.  CENTRAL. 
[Latitude,  65°  33';  longitude,  145°  49".] 


1900. 


1907.. 


f  0.56     0.06  0.05 

1  ai    t  1.0  1.4 

r  L04       .42  2.57 

■|1l0.0    ,  4.0  24.0 


0.47 
4.7 


8.0 


0.86     4.91 

2.0    , 

.57     2.21 
1.6     


I 


4.82       1.85  j    0.S2 


L40  , 


0  70 
7.0 


080 
8.0 


035 


Jt2 


1 


1907. 


H.  CLEARY. 
[Latitude,  65°  oy;  longitude,  147°  26^.] 


2.55       2.88       3.82  I 


2.  CHI8TOCHINA. 
[Latitude,  62°  36";  longitude,  144°  44'.] 


1904. 
1905. 

1906. 
1907. 


I 


I 


I 


'  O  05  0  02 
1/  .20  .60 
H  2  5  6.0 
.20 
2.0 


(  2.  SO 
■|\2H.O 


O08 
.30 

3.0 
.80 

8.0 


0. 00  '  0. 48     O  90  I  3. 19 
Tr.       .00      .81  !  L78 

...... \Tr. 


L  50  i  2.82 


O40 
3.20 
1.48 


2.21 


2.01 
3.11 


2.07 
6.0 


....   I   aao 

1.08  t    O03  I     .75 
50      l.» 

1.0  I  &0    lao 

1.34  ' 

<kO 


1 


«  Abbe,  Cleveland,  Jr.,  Prof.  Paper  U.  8.  Oeol.  Surrey  No.  45,  1906,  pp.  189-20O, 
»  Numbers  and  letters  refer  to  PI.  XII« 
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Summary  of  records  of  precipitation  at  stations  in  Alaska — Continued. 

3.  CIRCLE. 
[Latitude,  65"  SO';  longitude,  144«  4'.] 


Year. 


1903. 
1904. 
1905. 

1906. 
1907. 


Jan. 


Feb. 


t«" Ufilf 


Mar.    Apr.  I  May. 


June.' July. ,  Aug. 


Sept.  !  Oct.     Nov.     Dec.  |  Annual. 


I 


a28     0.15     a29  ' 
3.25  , 

I  I 


2. 79       1. 73  ' 


0.75 

9.5 

.63 

8.2 


4.  COAL  HARBOR,  UNGA  ISLAND. 
[Latitude,  55°  20^;  longitude,  160°  38  .1 


3.90 

2.00 

0.17 

i  2.33 

••\  5.8 

If  5.65 

•13.5 


7.32 

0.12 

9.05 

5.43 

L9 

0.20 

L2 


1.90  2.26 
0. 66  1. 89 
1.20   18.92 

6.46   

4.2  ;  Tr. 
1.43  I  7.99 
Tr.  12.75 


2.77     2.05 
L83     1.23 
6. 76     4. 44 
3.27     1.01 
,    Tr 

3.66 
4.22 
L75 
3.18 

3.64 
4.17 
2.20 
4.28 

5.20 
3.73 
2.95 
3.42 

2.52 
2.07 
3.03 
4.44 

4. 50     1. 88  ,  4. 71 

4.90 

5.84 

5l83 
Tr. 

2.52 

4.60 

2.82 

2.00 

9.25 

4.64 

3.62 

2.87 

7.3 

2.25 

42.52 
26.74 
64.36 


1903 

»904 

1905 

1906 


1907. 


6.  COPPER  CENTER. 
[Latitude.  61°  58';  longitude,  145°  20'.] 


O.OT 

.67 

.29 

\  1.14 

117.2 


0.06 
.22 

1.01 
.19 

2.8 
.60 

6.0 


1 


0.40 
Tr. 
.20 
.69 

9.2 
.30 

3.0 


Tr. 
0.24 

Tr. 

.36 
3.0 


0.60 
.92 
.48 
.43 
Tr. 
.36 


1.38 

Lll 

.50 

1.19 


1.14 


0.99  1  1.16 

1.80  ,  2.09 

1.35  .72 

2.14  1  .69 


1.34 
.73 

1.94 
.37 


.97  , 


.71 


.25  i 


L71 
.48 
.97 
.84 


1.35 


0.20 
.36 
.94 
.99 

8.5 
.80 

8.0 


6.  FAIRBANKS. 
[Latitude,  64°  SC;  longitude,  147°  44'.] 


0.75 
.68 
.97 
.35 

6.0 
.35 

3.5 


8.63 
9.30 
9.37 
9.38 
46.7 


1904 

1           1            1 

1                         ^              1 

r  0.92 
19.1 
/  1.75 

6.50  !  6.05  ,  6.20 
5.0         .5    1  2.0 

2. 63  1    6. 86  1 

1905 

1906 

.37  ,     .33  ,     .10 
3.7    '  3.3    1  1.0 

.86  '2.42       .03 
8.e     24.2         .30 

0.36 

1.05     2.82  1     1.50  ,       .26  ,       .30 

■.                        .1    0.6 

1907 ii'f 

.3,5 

1.47     1.51        1.81  ,    3.58       2.44 
'     24.4 

1 

LIO 

2.00 

1.20 

0.60 

12.0 

5.1 

.65 

L15 

6.5 

n.5 

.35 

.50 

s.-i 

5.9 

10.63 
45.1 
18.71 
99.9 


L.  FAITH  CREEK. 
[Latitude,  05°  17';  longitude,  146°  Zi'.] 


1.87       3.00       2. 9?  I 


7.  FORT  EGBERT. 
[Latitude,  64°  45';  longitude,  141°  10'. J 


19a3.. 
1905.. 

1906., 
1907., 


r  L45 
\  2.0 


0.81  I  0.54     0.12     1.38     0.67     2.40       0.97       2.97 


2.0 


14     2.19 
U.O 


.00 


.33 
.54 


.51 


1.52 
2.54 


2.72 

1.28 


.25 
.15 


.40 
.55 


3.38 
.01 


1.48       1.98       1.45 


2.96 
L71 
4.6 
1.12 
13.0 


0.93       0.68 
.51         .07 

8.5    I     1.0 
.40  ' 

4.0     
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Summary  of  records  of  precipitation  at  statioru  in  Alaska — Continued. 

8.  FORT  GIBBON. 
[Latitude,  65<*  12^;  longitude.  152«.] 


Year. 

Jan. 

..      0.37 
.OK 

.:<7 

t  6. 0 
./  !.»» 
\I2.6 

Fe»>. 

0.73 
.55 
.47 
.20 

2.0 



Mar. 

1.14 
.35 
Tr. 
.30 

3.0 
.53 

5.0 

Apr. 

0.23 
.09 

fr. 

May. 

0.16 
.22 
.84 

1.00 

June. 

0.38 
.33 
I. SO 

V.'.'.V 

July. 

Aug. 

Sept. 

0.48 
.35 

Oct. 

0.22 
.39 

Nov. 

0.33! 

.07 
1.10 

.99 
9.9 

.03 
1.5 

Dec. 

Tr. 

0.70 
.18 
.27 

17 

inSGal 

1901 

1904 

I9as 

1.76 
1.95 

"3.' 80' 
3.02 

V* 

I90»i 

-.50 

«5.0 

1.22 

12.0 

1907 

.30 

2.58 

2.31 

2-32 
4.0 

o  Octolier  7  to  31. 

9.  FORT  LISCUM. 

(Latitude.  iil»  27'  30":  longitude,  146°  27'  34".] 


i9o;{ 

1904.... 

I9a5 

1906.... 

....    10.42 

. . . .      6. 80 

.  ...1     3.63 

fl2.53 

■••  197.6 

r  1.75 

■■  \17.5 

1 

13.60 

.52 

5.73 

1.8:} 

13.5 
10.14 
95.0 

'     .10 
1  7.17 
'  7.54 
103.2 
6.04 
'63.0 
1 

3.87 
4.50 
2.96 
4.20 
31.6 
.82 

2.23 

.68 

7.02 

.5 
4.05 

3.24 
2.26 
3.83 
4.01 

4.2P 
5.61 
3.49 
7.12 

6.44' 
12.45  * 
9.85  , 
8.46 

8.62 
7.9«i 

'  4.ii 

6.62 
9.16 
6.06 
8.61 
.5 
16.77 
10.4 

6.62 

2.20 
10.37 

7.50 
57.5 

7.94 

9.61 
3.99 
7.75 
a  75 

63.5 
7.13 

51.95 

7j  J* 

"  '74  C 

1907.... 

2.83 

11.25 

10.61  1 

11.98 

91.3! 
5h£ 

10.  FORT  YUKON. 
(Latitude,  «6*»  34':  longitude,  145'»  18'.] 


190;< ,     0.02  I  1.09    0.34 

1904 .m       .93     0.80     3.08 


0.35 


0.77  : ' 

2.40  :  1.67  I 


1.70       1.30       0.26      0.3Ji  I 


I 


E.  GRAND  CENTRAL. 
(Latitude,  64*  58':  longitude,  l&S^  14'.] 


.1  3.61  I    7.19       5.06  !. 


1 


II.  HOLY  CROSS  MISSION. 
ILHtltude,  152*'  16':  longitude,  159°  50'.] 


1906. 
1907. 


2.6s 

0.78 

.  .V> 

.T5 

1.26 
4.49 

0.39 


0.22 

1.52 
2.95 

1.97 
3.73 

3.22 
5.39 

2.47  [ 
3.56  ' 

o.n 

.38 

0.90 
.51 

L02   

15.  .•: 

1 

12.  JUNEAU. 
(Latitude,  58°  19';  longitude,  134°  28*.] 


1903.... 

]^y)4 

....    11.31 

7.29 

3.09 

3.74 
7.84 
4.96 
3.03 
2.0 
3.10 

6.74 
a  50 

L58 

.44 

ia4o 

2-96 
1.34 

a  15 

L93 
3.58  1 

5.45 

4.04 
7.85 
3.21 

a  94 

9.20 
"3.' 68* 

' 

9.34 
12.74 
12.30 

&36 
15.49 
12.27 
7.0 
4.58 

a5 

R89   .. 
ia32   - 
2.17   -- 

1905.... 
1906.... 

. . . . '    2.  S3 

3.08 
1.57 

8.'8S" 

5.90 
.56 
Tr. 
2.74 

3.93 



3.40  i 
1. 



a88 

17.08 

U.19 
3.0 

1907.... 

1 

! 



1 
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KATALLA. 
{Latitude,  fl0*»  11';  longitude,  144«  31'.] 


Year.         Jan.     Feb. 

Mar.    Apr. 

May. 

June. 

July. 

Aug.     Sept. 

Oct. 

Nov.  1  Dec.     Annual. 

1  7.70 

4.85 

8.29 

14.95 

11.41 

12.34 

25.02 
1.25 

12.44       

>*j«7 ,{:::::i:::::: 

2.0 

15.5     

1      1 

1 

13.  KENAI. 
[Latitude,  CO*'  32*;  longitude,  151°  19'.] 


1903 

1004 

1J«5 

1906 

1907 


a83 
.46 
.29 
.30 

5.5 
.68 

5.0 


2.18 

0.44 

a  67 

a  54 

1.16  ,  2.48 

3.78 

2.72 

o.n  ' 

.29 

.02 

.34 

Tr. 

.87  ,  2.44 

3.50 

4.01 

1.71  1 

.92       .57 

.46 

.84 

.84     1.06 

6.26 

.78 

2.92  ' 

.  10     1. 24 

.17 

.29 

.57     4.41 

2.95 

1.41 

1.74  , 

1.0    110.2 

3.0 
.04 

Tr. 

.61 

.67 

L24 

i'si     5.49 

laoo 

1.66 

15.5 

&8 

Tr. 

2.7 

0.78 
.48 

2.16 
.39 

7.8 


0.18 
.66 
1.41 
1.16 
10.0 


16.53 
14.78 
18.51 
14.73 
37.5 


14.  KECHUliSTUK. 
[Latitude,  64°  07';  longitude,  142<'  20^.] 


1904 

1.80  1  0.83  '  2.23 
.20     1.58       .40 
1.69     1.61     3.25 

0.94 

0. 64  1    0. 30 

0.03 
.36 
.29 
.5 
.40 

4.0 

0.23 
.20 
.20 

3.0 

iga-i 

1906 

0.90   a  10 

/    .36       .05 
1  4.0        .5 
/    .12       .20 
\2.0      3.0 

ao5 

.06 
1.0 

.27 
4.0 

0.40 

.27 

5.0 

Tr. 

1.48 
2.51 

2.16       1.18 

.51  ,      .31 

1    4.3 

9.01 
11.11 
1&3 

1.3612.03    i.eo 

12.0    ' 

2.14 

.49         .72 
2.0        9.0 

1907 

1 

1 

15.  KILLISNOO. 
[Latitude,  57»  22';  longitude,  134°  29'.] 


1903 '    4.05 

1904 4.30 

1905 1. 90 

2.4 
1.25 
2.80 
2.70 
1.5 
9.55 
31.5 

a20 

1.20 

2.60 

.90 

6.15     2.55 
1.35     1.75 

2.20  1 

5.15  1  1.25 

a  75 

3.35 
1.20 
2.85 

1.15 
4.60 

i.eo 

3.80 

2.30 
2.30 
4.30 
4.90 

3.10 
7.70 

'4.76' 

12.45 
8.20 
4.10 
8.40 

3.65 
9.20 
&40 
9.55 
4.0 

5. 00          43.  75 
&55          53.75 
7.75  1 

^^ jiif 

2.50          53.60 
10. 0            46. 5 

1.70 
7.0 

1.35     1.60 

3.85 

3.05 

4.65       6.85 

a  57 

1 

1 

1 

. 

16.  LORINO  (FORKNAM  HATCHERY.) 
[Latitude.  55°  36';  longitude,  131°  37'.] 


1904. 
1905. 

1906. 
1907. 


2.05  17.27,15.80  9.68  7.97  i  1.15  20,20 
la  19  '16.53  ,11.65  I  9.46  .84  5. 26  12. 71  ,14. 07 
6.08  >  8.56  .24.52     5.59   10.09  1  4.99     15.21      17.28 

.1 4.2     1 1 1 ' 

13.03     4.98  i  7.70  ,  4.30     5  23     3.73  ,    9.75     10.14 


[15.0    ,19.2    i24.2 


I 


26.01  31.90 
17.94  I  28.49 
20. 49  '  21. 57 


20.09  I 


24.55 
1.0 


20.01 

25.92 

a  41 

7.5 


161. 24 
164.45 
31.2 


1904. 


17.  MINE  HARBOR. 
[Latitude,  55°  4.V;  longitude,  160°  40'.] 


2.36 
3.00 


6.61 
.49 


1.00 
.29  I 


2.25 
1.42 


2.59 
.81 

1.01 
1.30 

iro 

2.51 
4.78 

5.10 

3.97 

2.60 

5.92 

35283— iRR  218—08 10 
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Summary  of  records  of  precipilaium  at  stations  in  Alaska — Continued. 
A.  NOME. 
[Latitude,  04°  W;  longitude,  1«5»  24'.] 


Year. 

Jan.  !  Feb. 

Mar.    Apr.  i  May:  |  June.l  July. 

1           ' 

Aug. 

Sept. 

Oct. 

ass 

Nov.  '  Dec- 

a32      1.91 
2a8 

'  Aitnoii. 

f 1 

' ' '   Tr.  ■  2.38 

2.50 

1.02 

1906 

{::::::j:::::: 

1 

1907 

|2.64,  1.46 
\25.2     13.9 

i*37    aio  1  i.i2    i.si  i  ids 

28.8     i     ...       ..     '  .     . 

2.66 

1.41 

.16 

•«  

1           1           i           1 

i 

18.  NORTH  FORK. 
[Latitude,  64''  30";  longitude,  142«  10".] 


1905. 
1906. 

1907. 


0.70 

7.0 

.69 

15.5 


a50<0.10  0.80 
5.0  ;  1.0  !  &0 
.28  !  .27  Tr. 
ao    !  3.0    I 


L98  <  2.74 


1.34     1.92 
4.0 


I 


L91 


2.60  I    1.01 


1.57      a  19 


1.86 
.72 


2.00 
&0 


a42 

3.2 

1.40 

12.0 


aao 


aso 

.55  I      .33 

4.5    '    4.5 

.20  1 

zo    


12.59 
33.2 


19.  NU8HAGAK. 
[Latitude,  58"  56';  longitude,  158''  24'.] 


1904 

1           1            1 

1  2.29  1 

-1 

4.16 

1.66 

Tr. 

1 

as6  . 

1906..   . 

0. 20     1.  45     a  40 

0.40 

2.51 

2.75     3.84 

1 

i 

C.  OPHIR  CREEK  (CLAIM  15). 
[Latitude,  64''  59';  longitude,  1«3«  39'.] 


1906 

1 

1 

Tr. 

.^57 

1.01 

'             ,        . 

J 

1 

1           1 

i 

1 

20.  ORCA. 
[Latitude.  60°  36';  longitude.  143»  40* .] 

1903 

16.74 
ILOO 
8.20 
(10.63 
\76.0 
/3.26 
\3.0 

16.60 

Hm 

.94 

■  8.48* 
lOO.O 

..J L....L_... 

ia75 

1««7     17.70     13.24 
0.12     2L76      flim 

nu 

1904 

0.72 
12.51 

5.34 
30  0 

2.15 
25.0 

13.55 
9.10 
7.64 

1 

19.05 

12.81 

&66 

30.0 



1905 

10.48  1  6.51  1  4.42 

12.99 

15.57 

29.64 
17.08 
3.0 
13.16 

n.o 

1906 

17.0 

1 

1 

29.15 

1907 

1 

21.  PETERSBURG. 
[Latitude.  66°  49';  longitude,  132°  56'.] 

1904 ' 

; .1 ;..__ 

9.20 
4.46 

2  33 
10.76 

15.33 

12.80  i  13.80 

1905 

1 

7.17     3.03     1.05 

1 

! 

22.  POINT  BARROW. 
[Latitude.  71°  17';  longitude,  166"  40'.] 

1903 

0.20 
Tr. 

a  10 

.37 

0.10 

0.74 

L43 

0.09   

Tr. 

0.05  ' 

1904 

0.40 

0.30 





; ... 

i 

K.  POKER  CRl 
[Latitude,  05°  08';  longit 

SEK. 
ude,  147 

-28'.] 

r 

1.40 

3.70 

1.70 
24.0 

0.2S 
3.30 

1906 

{ 

1 

1           1 

1 
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Summary  of  rteards  of  pfreeipiU&iion  at  ttaliimf  in  Ala$bBt    Oontiniied. 

23.  RAMPART. 

[LAtitade,  66"  30";  Iai«lt«le,  IJO**  U'.] 


Year.        Jan. 

Feb. 

lUr. 

Apr. 

May. 

Jane. 

Jtfy. 

Aug. 

aegt. 

Oct. 

Nov. 

Deo. 

Annual. 

1905 

L33 
.16 

1.W 
1.66 

2.19 
2.40 

1.70 
.60 

1.20 
.61 

1.4S 
.06 

ia3 

.66 
6.8 

ass 

.83 
3.6 

i«« {ff 

aoB  1  a  17 

2.0    '  L8 

.44|  1.17 

45    '12.8 

ao4 
.( 
.02 

.26 

a4D 

8.21 
2&2 

lorvT                      J   1.17 

.44 

1.64 

Z29 

3.38 

2.62 

.66 

1«" {12.0 

1907- 


B.  SALMON  LAKE. 
[LaUiude,  64*"  64^;  longitude,  164''  56'.] 


1 

1 

' 

Tr. 

492 

3.33 

3.26 

a  81 

1.66 
l&O 

! 

1906 { 

1 

1907 .:::;:: 

1 

2.81 

L79 

3.66 

2.28 

1 

1 

F.  8HELTON. 
[Latitude,  65°  13';  longitude,  I640  48'.] 


a  71 


1.33 


a  47 


24.  SITKA. 
[Latitude  dr"  03';  longitude  135<*  19'.] 


1903 

1904 

1003 

1906 

...|  a6i 
...  ia36 
...    a82 

r  7.25 

■1  &3 

/2L36 

•  \iao 

&68 
.43 
4.78 
L89 

"ix 

4.2 

Z57 

ao4 
4.21 

L58 

ao 

L75 

ia6 

4.26 

a89 

7.52 
ia64 

a66 
aso 
2.44 
a46 

aoo 
a22 

2L25 

a34 

3185 
5l95 
2L83 
7.45 

aoo 
a74 

7.38 
4.66 

6.80 
ia27 

a80 

6.78 

14.52 

lass 

7.03 
1&22 

a60 

&78 
11.37 
1&60 

14.97 

a  13 

IL21 

a6i 

LO 

7&ao 

74.49 
7a64 
8a  47 
16.3 

2L16 

a84 

a66 

4.66 

1Z60 

16.75 

11.77 

12L13 
.70 

19(W 

25.  SKAOWAY. 
[Latitude,  59<*  28';  longitude,  135o  20'.] 


1903 2:08 

1904 !    L44 

1.44 
Tr. 
1.14 
1.16 

a43 
.33 

1.14 
.57 
Tr. 
.47 
Tr. 

a48 

2.31 
L27 
a55 

LIO 
.84 

Lll 
.37 

a56 
.97 
.10 

2.63 

ao2 

1.07 
.16 
2.11 

2.06 
.18 
2.14 
2.26 

L41 
2.80 
2.67 
L30 

9.99 
5.36 
2.17 
&58 

L60 
a28 
a26 
6  47 

• 

a35 

24.54 

1906     1 

2L21 
.33 

ao 

.,^               If 

1906 1 

ao 

<M 

4.85 
Tr. 

LOS 

.92 

1.98 

2.47 

&87 

4.23 

lao 

1907 {      r^ 

|l 



26.  SUMMIT. 
[Latitude,  62*  65';  longitude,  143*  48'.] 


J  L19 
tlLO 
1  L80 

U&o 

a46 
5.0 
.10 
2.0 

L04 
12.0 
.70 
7.0 

L26 

lao 

.40 

1.02 

ao 

.80 
4.0 

4.25 

aa03      a  12 

ao7 

a  74 

14.0 

a40 

7.0 

1906 

2.15 

1.40 
14.0 

1907 

o  August  10  to  31. 

O.  SUMMIT  ROADHOUSE. 

[Latitude,  65*  02';  longitude,  147<*  26'  ] 


1907.. 


2.71 


a27 
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WATER  SUPPLY  IN  ALASKA,  1906-^1007. 


Summary  ofrecardi  of  preeipitation  at  ttaiiont  in  AUuka — Continued. 

27.  SUNRISE. 
[Latitude,  00*  54';  longitude,  140*  35'.] 


Year. 

1 

1.60 
2L12 
/2L18 
3a7 

raios 

17.5 

Feb. 

liar. 

Apr. 

May.' June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

Annual. 

1904 

1906 

1906 

a  13 
1.93 
.29 

a7 

1.93 

2ao 

a28 

L64 

3163 

3a9 

5w06 
a  41 
L17 

as 

1.41 
2.0 

LOl 

.84 

2L36 

L36 

.09 

2.46 

LOS 
L40 
L84 

5.02 
4.46 
a70 

Z33 

L88 
L54 

ft35 
4.38 
&67 

ao 

6.03 
14  2 

2.37 

a  47 
a87 
lao 

7.32 
31.4 

&31 

a48 

230 
2a5 

a78 

10  7 

37.  •* 

4a  t^ 

32.00 
117.6 

L30 

.74 

4.62 

2.20 

4.46 

1907 

1 

1 

28.  TANANA  CROSSING. 
[Latitude,  63«  24';  longitude,  143*  24'.] 

• 

1904 

a76 
.14 

a78 

.37 

a80 
2.06 

1.06 

ai6 

L40 

a  10 

.60 

aoo 

1906       

a24 
.30 

0l06 
.00 

ai8 

Tr. 

aoo 

1006 

1 

G.  TAYLOR. 
[Latitude,  65«»  42';  longitude,  164*  48'.] 

1907 

a66 

a96  j    L17 

29.  TEIKHELL. 
(Latitude,  61*  23';  longitude,  145*  18'.] 

1904 

ao6 

L31 
L87 
26l2 
.56 
ftO 

a75 

.04 
.58 
&5 
.07 
Tr. 

a40 
Tr. 
.25 
Tr. 
.80 

a79 
.80 
L39 

L53 
LOS 
2.70 

2L00 
L02 
.72 

L21 
L41 
.62 
L6 
L20 

2.82    aoo 

L48      4.90 
ZOO      a52 
ILO      3Si8 

2L96 
Z34 
.38 
6.2 

1905 

1908........ 

f  2.50 
125.0 
/    .37 
\4.5 

a49 

.20 
2.0 
L81 
21.4 

17.61 

iia2 

.68 

&20 

2.00 

1907 

1 

1 

30.  TYONEK. 
[Latitude,  61*  03';  longitude,  151*  10'.] 

1903 

1904 

1905 

.1.95  '  a  91 
1.07  ,    .28 

a45 

LOl  1  a60 

L50 

2.62  j    5.60 

276 

1.15 

a64 

a53 

22.99 

1 

L27 
LOO 

1 

.92 

L67 

a  19 

a  10 

1.04 

12.5 

L24 

L38 

14.0 

r     A5  •     Mt  1  1  .^ 

77        ^ 

iw  1    Z95 

1906 

116.0 

{21!  0 

7.0     26.0 

1.66 

33.0 

2ao 

.24 

2L0 

2.86 

6.39 1  ads 

a78 

a48 
4.7 

1907 

1 

31.  UDAKTA  (DUTCH  HARBOR). 
[Latitude.  53«  54':  Longitude.  lOG^"  32'.] 

,«» .} i 

4.00 

1.73     aao 

a46 
2.29 

aoo 

7.91 

ia78 
a38 

8.28 

a76 

1906 

f3.09 
/8.'76" 

9.46 
4.0 
2.49 

12.19 

ao7 

6.82 

1. 14     a  56  '    a  10 

«a77 

4.0 

2.93 

2.97 

5.3^  '  i.27  '  i'ii     a 25 



7.79 
LO 

1907 





.... 

1            1 

1 

32.  WOODY  ISLAND  (KODIAK  ISLAND). 
[Latitude.  ST^  40';  longitude,  IST'  26'.] 

1903 

1904 

1906 

4.74 
a63 
480 
/  2L50 
\13.0 
fl.OO 
t2.0 

&10 

i'oo* 

&00 

4.06* 
26.0 

1 

0.39     4.61 

Tr.  ,  3.68 

2.60  '  1.70 

3, 50     ^f''^ 

4.92 
a35 
2.70 

7.80 
2.26 
a  10 

4.70 

4.38 
L36 
2.10 

4.79 
4.89 

"i'so' 

7.96 
4.63 
LOO 
6.70 

a27 

4.84 
7.50 

a30 
a20 

8.00 

&29 
a24 

65.54 

&10     a26 
Tr.  '  as 

1906 

7.0 
Tr. 
Tr. 

1 

1907 

.61 

6.36  1  &.'26 

aso 

a70 

9.00 

&70 

?.70 

4.5 

as 
as 

56.21 
38.0 

1            i 
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Summary  ofreeordB  of  precipitation  at  stations  in  Alaska — Continued. 

33.  DAWSON.a 
(Latitude,  ei''  06';  longitude,  139°  28'.] 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual. 

1901 

a94 

.92 
.86 

1.32 
3.32 
1.11 
2.14 
1.98 
1.2D 
1.93 

L64 
2.38 
1.47 
L66 
2.51 
1.46 
1.28 

L17 
L17 
2.41 
LOl 
3.62 
1.14 
2.34 

2.25 
.92 

L25 
.36 

1.84 
.47 

4.09 

LIO 
hVH 
.45 
.80 
.24 
1.55 
2.60 

L55 
.80 
.66 
1.45 
1.24 
.98 

1902 

1903 

1904 

1905 

1906 

1907 

1,73 
.fiO 
.82 
.23 
1.26 
1.63 

a20 
L86 
.32 
1.30 
.61 
.34 

'd'eo' 

.90 
.40 
.22 

.88 

afio 

.00 
.57 
.94 
.42 
.23 

a46 
.39 
.96 
.97 
2.00 
1.06 

■'iioi 

12.00 
1&37 
12.06 

34.  WHITE  H0R8E.a 
(Latitude,  W  46';  longitude.  135*'.] 


1905. 
1906. 
1907. 


L72 
.65 
.55 


018 


aoo 

.75 

.52     1.45 


a  10 
.20 
.75 


016 
.07 
.27 


020 
L78 
3.08 


3.30 
3.33 
&10 


a92 
L39 
L63 


2.10 
.50 


1.50 
.30 
.26 


L20 
1.10 
.90 


a30 
.20 


1167 


35.  ATLIN.« 
[latitude,  SO*"  45^;  longitude,  ISS^  46'.] 


1905 - 

L06 
.78 
.58 

a48 
1.45 
.82 

L55 

2.55 

.51 

a  76 

.88 

1906 

...      L37 
...       .99 

1 

a72 

2.18 

Tr. 
.55 

aw 

a25 
.34 

L74 
.32 

L62 
.42 

a  71 
L48 

1907 

aTbeae  data  were  fumiabed  by  the  Canadian  Meteorological  Service. 
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Faith    Creek,    description    and    dis- 
charge of 115 
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Grand  Central,  rainfall  records  at 137, 

138, 144 
(irand  Central  ditch,  description  and 

discharge  of 31-32,  70 

Grand   Central    River,   discharge   of, 

below   Nugget   Creek 47 

discharge  of,  below  the  forks 40 

diagram   showing 17 

(irand  Central  River  drainage  basin, 

description  of 38 

storage  poslbllitles  in .">2-53 

stream  measurements  in 30-52 

(Jrand  Central  River,  North  Fork  of, 
description   and   discharge 

of 38-41 

Grand  Central  River,  Thompson 
Creek,  and  Gold  Run, 
storage  capacity  required 
to  maintain  given  dis- 
charges of 53 

Grand  Central  River,  upper,  water 
available  from,  for  hy- 
draullcking placers 71,  72 

Grand  Central  River,  West  Pork,  de- 
scription and  discharge  of  41-44 

Grand  T-nlon  Creek,  discharge  of .'O 

Grouse    Creek     branch    of    Miocene 

ditch,  discharge  of 35 


II. 


Harris  Creek,  discharge  of 90 

Honry  Creek,  description  and  dis- 
charge of 88 

Ilt-nry  Creek  ditch,  description  of-—         88 
Ilpnry  and  Lincoln  creeks,  discharge 

of 88 

Henshaw,    Fred    F. ;   The   Falrhaven 

precinct 99-100 

The   Kougarok   region 77-98 

The  Nome  region 13-76 

work  by 8 

Hposhaw,   F.    F.,  and   C.   C.   Covert, 

"  Introduction  "  to  reports     7-12 

Meteorological   records 133-149 

llenshaw,  Fred  F.,  and  J.  C.  Hoyt, 
on  water  supply  of  Nome 
region 15 
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Ilobson   Creek,   description   and   dis- 
charge of 23-24 

discharge    of,    at    Miocene    ditch 

InUke 24 

below    Manila    Cre<'k   and    di- 
versions            24 

limestone  springs  In  hsKln  of 23 

Miocene  ditch  near 28-29,70 

Ilobson    Creek    branch    of    IMoneer 

ditch,  discharge  of 70 

Ilobson  ^  Creek     branch     of     Heward 

ditch,   discharge   of 70 

Holy  Cross  Mission,  rainfall  records 

at _-       144 

Ilomestake  Creek,  discharge  of iH) 

Homestake     ditch,     description     and 

discharge   of 80,83-84 

Ilomestake    ditch    Intake,    Kougarok 

River  at 80-81 

Hope     Creek,     discharge     of.     near 

mouth  of  Zephyr  Creek 115 

Charity  Creek  above  mouth  of 115 

Hoyt,  J.  C,  work  by 8 

Hoyt,  J.  C,  and  llenshaw,  Fred  F., 
on  water  supply  of  Nome 

region 15 

Hydraulic  mining,   methods  of 14-15 


I. 


Imuruk     Basin     drainage,     streams 

tributary  to,  discharge  of.  59-00 

Irene  Creek,  discharge  of 04 

Iron  Creek,  description  and  dis- 
charge of 57-58,59 

Iron  Creek  and  tributaries,  dis- 
charge of 58-59 

Irving  ditch,  description  and  dis- 
charge of 83 

J. 

Jesslo  Creek,  discharge  of 04 

Jett  Creek,  description  and  dis- 
charge of .50-51 

.Tett    and    Copper    creeks,    combined 

discharge  of 51 

Jett,  Copper,  and  Nugget  creeks, 
water  available  from,  for 
hydraullcking  placers 71,72 

Jett  Creek  ditch,  description  and  dis- 
charge of 30-31,  70 

discharge  of,  compared  with  that 
of  Nome  River  at  Miocene 
intake 51 

Josie  Creek,  discharge  of 64 

Juneau,  rainfall  records  at 144 


K. 


Katalla,  rainfall  records  at i 145 

Kechumstuk,  rainfall  records  at 140.  145 

Kenai,  rainfall   records  at 145 

Killlsnoo,  rainfall  records  at 145 

Kokomo  Creek,   description  and  dis- 
charge of 119-120 


Digitized  by 


Google 


154 


INDEX. 


Vnge. 
Koiigarok     region,     gaging     statlona 

In 70-94 

hydraulic  development  In 94 

topography  and  drainage  of 77-78 

water  supply  of 77-95 

conditions  affecting 78-79 

Kongarok  River,  description  and 
discharge  of,  above  Coarse 

Gold  Creek 82-83 

description     and     discharge     of, 

above  Taylor  Creek 82 

at  Homestakc  ditch  inUke...  80-81 
discharge   of,   below    Washington 

Creek 80 

Kougarok  River  drainage  basin,  de- 
scription of 79-80 

dftches   in,    water    available   for, 

in    1907 90-91 

mean  weekly  water  supply  of,  in 

1907 91 

miscellaneous      discharge      meas- 
urements  in ^ 00 

Kruzgamepa  River,  discharge  of,  at 

Salmon  Lake 55-n7 

Kruzgamepa    River    drainage    basin, 

description  of 54-55 

discharge  measurements  in 55-59 

L. 

Lillian  Creek,  discharge  of 88 

Limestone  springs,  effect  of,  on  run- 
off          17 

Lincoln  Creek,  description  of 88 

Lincoln  and  Henry  creeks,  discharge 

of 88 

Little  Chena  River,  description  and 
discharge  of,  above  mouth 
of  Elliott  Creek 109 

Little  Chena  River  and  tributaries, 
discharge       of,       diagram 

showing 105 

discharge    and    horsepower   table 

for 108 

Little  Chena   River  drainage  basin, 

description  of 100-108 

drainage  areas  of 108 

Little    Eldorado    Creek,    description 

and   discharge  of 122 

Little  Poker  Creek,  discharge  of 120 

Lorlng  (Forknam  hatchery),  rainfall 

records  at 145 

M. 

McKay  Creek,  description  and  dis- 
charge of 119 

Macklln  branch  of  Ilomestake  ditch, 

discharge  of 90 

Macklln  Creek,  discharge  of 90 

McManus  Creek,  description  and  dis- 
charge of 116-117 

McManus  and  Faith  creeks.  Junction 

of, Chntanlka  River  near-  117-118 

McMonagle  ditch,  discharge  of 90 

Meteorological  records 133-149 
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Methods  and  data,  explanation  of 9-12 

Miller    Creek,    description    and    dis- 
charge of lir: 

Mine  Harbor,  rainfall  records  at 145 

Miner's  Inch,  definition  of 9-Hi 

Miocene   ditch,    discharge   of,   above 

Dorothy  Creek  siphon ^> 

discharge    of,    above    and    below 

Holison  Creek 2»-29.  70 

above  Snow  Gulch 5.' 

below  the  Ex 3i^ 

at  Black  Point 26-27.  7<» 

at  Clara  Creek 27-28.  7» 

at  flume 2^-30,  70 

at  miscellaneous  points 3r» 

Copper  Creek  branch  of 3.1 

David  Creek  branch  of 22.  70 

Grand  Central  branch  of 70 

Grouse  Creek  branch  of 3.1 

Jett  Creek  branch  of 70 

seepage  measurements  on 35-34 

Miocene  ditch  flume,  construction  of, 

over  glacier 74 

Miocene   ditch    intake,    David   Creek 

at 22-23 

Hobson  Creek  at 24 

Nome  River  at 17, 19-21,  51 

Nugget  Creek  at,  discharge  of 50 

Miocene  ditch  system,  description  of.  24-26 
Morning  Call  Creek,  description  and 

discharge  of 51-52 

N. 

Nome,  barometric  records  at 139 

rainfall  records  at 136, 

137,  138, 139,  140 

snowfall   at 16 

temperature  records  at 138 

Nome    Creek     (Fairbanks    district). 

discharge  of 127 

Nome  region,  climatic  condltons  la.  16»  135 

ditches  In,  discharge  of 70 

list  of 75-76 

gaging  stations  in 18-69 

limestone  springs  in 17 

pipe  lines  and  ditches  In 72-76 

placer  mining  in ^^ 14-15 

rainfall  In 15-16,136,138 

snowfall  In 16 

topography  and  drainage  of 13-14 

water-power  possibilities  In 76 

water  supply  of,  conditions  affect- 
ing   15-17 

Nome    River,    discharge    of,    above 

Miocene  ditch  intake 19-21 

at  Miocene  ditch  intake,  discharge 
of,   compared   with   that 

of  David  Creek 22 

discharge     of,      compared 
with  that  of  Jett  Creek 

ditch 51 

discharge       of,       diagram 

showing 17 

at   Pioneer   Intake 21-22 
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Nome   River,   water  available   from, 

for  hydrauUcktng  placers—  70,  72 
Nome  River  drainage  basin,  descrip- 
tion of 18-19 

ditches  in 19,  76-76 

gaging  stations  In 19-37 

North  Fork,  rainfall  records  at...  140,  146 

North  Fork  of  Grand  Central  River. 
See  Grand  Central  River, 
North   Fork. 

North  Fork  [of  Kougarok  River],  de- 
scription and  discharge  of-         89 

North   Star   Creek,   description   and 

discharge  of 62-63 

North   Star  and  Windy   creeks   and 
Slnuk  River,  water  avail- 
able    from,     for     hydrau-  ' 
licking  placers 71,72 

North  Star  ditch  above  the  siphon, 
description  and  discharge 
of 86 

North  Star  intake,  Taylor  Creek  at—  84-85 

Noxapaga  River  above  Goose  Creek, 

discharge  of 92 

Noxapaga  River  drainage  basin,  de- 
scription of 01-02 

miscellaneous  measurements  In.-         02 

Nugget  Creek,  description  and  dis- 
charge of 40-.50 

Grand  Central  River  below 47 

Nugget,  Copper,  and  Jett  creekfl, 
water  available  from,  for 
hydraullcklng  placers 71,  72 

Nushagak,  rainfall  records  at 146 

O. 

Okdurok  ditch,  discharge  o 00 

Ophir  Creek  (claim  15),  rainfall  rec- 
ords at 136, 146 

Orca,  rainfall  records  at 146 

P. 

Pass  Creek,  discharge  of 59 

Pedro  Creek,  description  of 123 

Penny  River  at  Sutton  ditch  intake, 

discharge 66-67 

Penny  River  drainage  basin,  de- 
scription of 66 

Petersburg,  rainfall  records  at_ 146 

Pilgrim  River.  See  Kruzgamepa 
River. 

Pioneer  ditch,  description  of 37 

discharge    of,    at    Hobson    Creek 

branch 70 

at  Nome  River  Intake 21-22.  70 

Pioneer  ditch  intake,  Nome  River  at_  21-22 

Pipe  lines  and  ditches 72-75, 

94-95,  130-131 
Placer  mining,  in  Fairbanks  region.  102, 120 

in  Kougarok  region 04 

In  Nome  region 14-15,70-72 

Point  Barrow,  rainfall  records  at...       146 
Poker  Creek.  Chatanlka  River  below 

mouth  of 121 
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Poker    Creek,    description    and    dis- 
charge  of 120 

rainfall  record  at  „_  140,  141,  146, 147 

Precipitation  records  in  Alaska,  sum- 
mary of 142-149 

Price  current  meter,   view  of,  plate 

showing 10 

Purlngton,  C.  W.,  on  rainfall  data  of 

Alaska 140 

Q. 

Quartz    Creek,    description    and    dlR- 

charge  of 93 

R. 

Rainfall    records    In    Alaska,    sum- 
mary of 142-149 

Rampart,  rainfall  records  at 140,  147 

Reindeer  Creek,  discharge  of 92 

Richards,  Raymond,  work  by 8, 15 

Rock  Creek,  discharge  of 59 

Run-off  In  inches,  definition  of 9 


Salmon  Lake,  description  of 5.3-54 

flow    into   and   out   of,   measure- 
ments of 54 

Kruzgamepa  River  at,   discharge 

of .'55^'i7 

I         rainfall  records  at 16, 136,  137, 138 

storage  capacity  of 53-5^ 

Schlltz  Creek,  discharge  of 92 

Second-feet  per  square  mile,  defini- 
tion of 9 

Second-foot,  definition  of 9 

Seepage,  from  Cedrlc  ditch 65 

from  Miocene  ditch .—  33-.34 

from   Seward   ditch 36 

Serpentine     River     drainage     basin, 

measurements  In 92-93 

Soward  ditch,  description  and  dis- 
charge of 36-37 

diHcharge  of,  at  Nome  River  In- 
take           70 

Hobson  Creek  branch  of 70 

seepage  from 36 

Seward  Peninsula,  climatic  condi- 
tions In 134-130 

relative      run-off      in      different 

areas  of 95-98 

water-supply    investigations  in_  13-100 
Shelton,  rainfall  records  at—  137,  138,  147 
Slnuk     River     drainage     basin,     de- 
scription of 60 

discharge  measurements  in 60-04 

Slnuk  River,  upper,  discharge  of 60-61 

Slnuk  River,  Windy  and  North  Star 
creeks,  water  available 
from,     for     hydraullcklng 

placers   71,  72 

Sitka,  rainfall  records  at 147 

Skagway,  rainfall  records  at 147 

Slate  Creek  (Cripple  River  drain- 
age), discharge  of 64 
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Slate     Creek      (Kruzgamepa     River 

drainage),  discbarge  of —         50 
Slate    Creek     (Sinuk     River    drain- 
age), description  and  dis- 
charge of 63 

Smith  Creek,  discharge  of 59 

Snake    River    above    Glacier    Creek, 

discbarge  of 68-60 

Snake  River  drainage  basin,  de- 
scription of 68 

Snow  Gulch,  discharge  of 60 

Solomon  River  drainage  basin,  de- 
scription of 69 

miscellaneous  measurements  in 69 

Sorrels  Creek,  description  and  dis- 
charge of 110-111 

Elliott  Creek  above  mouth  of 110 

Springs,  stream  flow  derived  from —         17 
Stewart  River,  description  and  dis- 
charge of 63 

Storage  possibilities,  on  Grand  Cen- 
tral River  headwaters 52-53 

Storage  reservoirs,  Fairbanks  dis- 
trict.   131-132 

Summit,  rainfall  records  at 147 

Summit  Roadhouse,   rainfall  records 

at 140, 141, 147 

Sunrise,  rainfall  records  at 148 

Sutton  ditch  at  intake,  discharge  of_         70 
Sutton    ditch    intake.    Penny    River 

at 66-67 

T. 

Tanana  Crossing,  rainfall  records  at-       148 
Taylor,  rainfall  records  at—  137, 138,  148 
Taylor    Creek,    description    and    dis- 
charge of,  at   North   Star 

Intake 84-85 

discharge  of,  at  Cascade  intake —  85-86 

at  mouth 86 

Kougarok  River  above 82 

Telkbell,  rainfall  records  at 148 

Thompson  Creek,  description  and  dis- 
charge of 49 

Thompson  Creek,  Gold  Run,  and 
Grand  Central  River,  stor- 
age capacity  required  to 
maintain  given  discharges 
of  - —         53 


Page. 

Thompson  Creek,  Gold  Run,  and  up- 
per Grand  Central  River, 
water  available  from,  for 
hydra ullcking    placers 7 1 ,  72 

Trail  Creek,  discbarge  of li^ 

Turner  Creek  at  McKay  Intake,  dis- 
charge of Si! 

Tjonek,  rainfall  records  at 14^ 


U. 


Udakta     (Dutch     Harbor),     rainfall 

records   at 148 

Upper  Oregon  Creek,  discharge  of 64 


Velocity,  methods  of  measuring 11—12 


W. 


Washington  Creek,  discharge  of 90 

Kougarok  River  below,  discharge 

of SO 

Water-power  possibilities,  in  Fair- 
banks district 131 

in  Nome  region 76 

White  Horse,  rainfall  records  at 149 

Willow  Creek,  discharge  of 59 

Windy  Creek,  description  and  dis- 
charge of 61-62,90 

Windy  Creek  ditch,  discharge  of 90 

Windy  and  North  Star  creeks  and 
Slnuk  River,  water  availa- 
ble  from,   for  hydrauUck- 

ing  placers 71,72 

Woody  Island  (Kodlak  Island),  rain- 
fall records  at 148 


Vukon-Tanana    region,    rainfall    rec- 
ords In 140 

See  aUo  Fairbanks  district. 


Z. 


Zephyr     Creek,     Hope     Creek     near 

moiUh  of,  discharge  of  —       115 
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GENERAL. 

The  geography  and  geqlc^  of  Alaska,  a  summary  of  existing  knowledge,  by  A.  U. 

Brooks,  with  a  section  on  climate  by  Cleveland  Abbe,  jr.,  and  a  topographic  map 

and  description  thereof,  by  R.  U.  Goode.    Professional  raper  No.  45, 1906, 327  pp. 
Placer  mining  in  Alaska  in  1904,  by  A.  H.  Brooks.     In  Bulletin  No.  259, 1905,  pp. 

18-31. . 
The  mining  industry  in  1905,  by  A.  H.  Brooks.    In  Bulletin  No.  284, 1906,  pp.  4-9. 
The  mining  industry  in  1906,  by  A.  H.  Brooks.     In  Bulletin  No.  314, 1907,  pp.  19-39. 
Railway  routes,  by  A.  H.  Brooks.     In  Bulletin  No.  284,  1906,  pp.  10-17. 
Administrative  report,  by  A.  H.  Brooks.     In  Report  on  progress  of  investigations  of 

mineral  resources  of  Alaska  in  1904:  Bulletin  No.  259, 1905,  pp.  13-17. 
Administrative  report,  by  A.  H.  Brooks.    In  Report  on  progress  of  investigations  of 

mineral  resources  of  Alaska  in  1905:  Bulletin  No.  284, 1906,  pp.  1-3. 
Administrative  report,  by  A.  H.  Brooks.     In  Report  on  progress  of  investigations  of 

mineral  resources  of  Alaska  in  1906:  Bulletin  No.  314,  1907,  pp.  11-18. 
Notes  on  the  petroleum  fields  of  Alaska,  by  G.  C.  Martin.  *  In  Bulletin  No.  259,"]f905, 

pp.  128-139. 
The  petroleum  fields  of  the  Pacific  coast  of  Alaska,  with  an  account  of  the  Bering  River 

coal  deposits,  by  G.  C.  Martin.    Bulletin  No.  250,  1905,  64  pp. 
Markets  for  Alaska  coal,  bv  G.  C.  Martin.     In  Bulletin  No.  284,  1906,  pp.  18-29. 
The  Alaska  coal  fields,  by  &.  0.  Martin.     In  Bulletin  No.  314,  1907,  pp.  40-46. 
Methods  and  costs  of  gravel  and  placer  mining  in  Alaska,  by  C.  W.  Punngton.    Bulletin 

No.  263,  1905,  362  pp.     (Out  of  stock;  can  be  purchased  from  Superintendent  of 

Documents,  Washington,  D.  C,  for  35  cents.)    Abstract  in  Bulletin  No.  259, 1905, 

pp.  32-46. 
Geographic  dictionary  of   Alaska,  by  Marcus  Baker,  second  edition  by  J.  C.  McCor- 

mick.     Bulletin  No.  299,  1906,  690  pp. 
Administrative  report,  by  A.  H.  Brooks.     In  Report  on  progress  of  investigations  of 

mineral  resources  of  Alaska  in  1907.     Bulletin  No.  345,  pp.  5-17. 
The  distribution  of  mineral  resources  in  Alaska,  by  A.  H.  Brooks.     In  Report  on 

progress  of  investigations  of  mineral  resources  of  Alaska  in  1907.     Bulletin  No. 

345,  pp.  18^29. 
The  minmg  industry  in  1907,  by  A.  H.  Brooks.     In  Report  on  progress  of  investiga- 
tions of  mineral  resources  of  Alaska  in  1907.     Bulletin  345,  pp.  30-53. 
Prospecting  and  mining  gold  placers  in  Alaska,  by  J.  P.  Hutching.     In   Bulletin 

No.  345,  1908,  pp.  64-77. 
Water-supply  investigations  in  Alaska  in  1906-7,  by  F.  F.  Henshawand  C.  C.  Covert. 

Water-supply  Paper  No.  218, 1908, 156  pp. 

Topographic  jnaps. 

Alaska,  topographic  map  of;  scale,  1: 2500000.     Preliminary  edition  by  R.  U.  Goode. 

Contained  in  Professional  Paper  No.  45.     Not  published  separately. 
Map  of  Alaska  showing  distribution  of  mineral  resources;  scale,  1:5000000;  by  A.  H. 

Brooks.     Contained  in  Bulletin  345  (in  pocket). 
Map  of  Alaska;  scale,  1:5000000;  by  Alfred  H.  Brooks. 
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In  preparation. 

Methods  and  coets  of  gravel  and  placer  mining  in  Alaska,  by  C.  W.  Puring;ton.     Seoood 
edition. 

SOUTHEASTERN   ALASKA. 

Pl*eliminary  report  on  the  Ketchikan  mining  district,  Alaska,  with  an  introductory 

sketch  of  tne  geology  of  southeastern  Al^ka,  by  Alfred  H.  Brooks.     I^feosional 

Paper  No.  1,  1902,  120  pp. 
The  Porcupine  placer  district,  Alaska,  by  C.  W.  Wright.    Bulletin  No.  236, 1904, 35  pp. 
The  Treadwell  ore  deposits,  by  A.  C.  Spencer.    In  Bulletin  No.  259, 1905jpp.  69-^87. 
Economic  developments  in  southeastern  Alaska,  by  F.  E.  and  C.  W.  Wright.     In 

Bulletin  No.  259,  1905,  pp.  47-68. 
The  Juneau  gold  belt,  Alaska,  by  A.  C.  Spencer,  pp.  1-137,  and  A  reconnaisBance  of 

Admiralty  Island,  Alaska,  by  C.  W.  Wright,  pp.  138-154.    Bulletin  No.  287, 

1906,  161  pp. 
Lode  mining  in  southeastern  Alaska,  by  F.  E.  and  G.  W.  Wright.    In  Bulletin  No. 

284,  1906,  pp.  30-53. 
Nonmetallic  deposits  of  southeastern  Alaska,  by  C.  W.  Wright.    In  Bulletin  No.  284, 

1906,  pp.  54-60. 
The  Yakutat  Bay  region,  by  R.  S.  Tarr.    In  Bulletin  No.  284,  1906,  pp.  61-64. 
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GROUND  WATERS  AND  IRRIGATION  ENTERPRISES  IN 
THE  FOOTHILL  BELT  OF  SOUTHERN  CALIFORNIA. 


By  Walter  C.  Mendenhall. 


INTRODUCTION. 

In  midsummer,  1903,  field  work  was  begun  on  a  series  of  studies  of 
the  conditions  under  which  the  ground  waters  of  southern  California 
occur.  During  the  preceding  decade  the  inadequacy  of  surface 
w^aters,  the  perfection  of  pumping  machinery,  the  development  of 
cheap  fuel  and  electrical  power,  and  the  discovery  of  the  wide  distri- 
bution and  accessibility  of  ground  waters  combined  to  make  these  of 
increasing  importance  in  the  irrigation  of  the  intensively  cultivated 
horticultural  districts  which  have  made  this  portion  of  the  State 
famous.  Even  the  largest  of  the  systems  of  irrigation,  which  a  few 
years  ago  secured  their  waters  wholly  from  the  mountain  canyons,  now 
usually  have  subsidiary  pumping  plants,  which  are  depended  on  to 
keep  up  the  supply  during  the  summer  and  fall,  when  the  streams  are 
lowest;  and  in  addition  to  plants  of  this  character,  many  companies 
have  been  organized  that  depend  entirely  on  pumped  or  artesian 
waters.  So  extensive  has  been  this  development  that  a  conserv^ative 
estimate  indicates  that  the  proportion  of  underground  water  to  sur- 
face water  now  used  during  the  late  summer  period  after  dry  winters, 
when  the  surface  supply  is  lowest  and  the  pumps  are  busiest,  is  as 
3  or  4  to  1. 

Obviously  a  resource  which  has  become  so  important  to  the  con- 
tinued welfare  of  so  rich  a  district  is  worthy  of  careful  study.  Such  a 
study  is  now  under  way,  and  its  results  are  being  made  known  through 
a  number  of  water-supply  papers  that  are  being  issued  by  the  United 
States  Geological  Survey.  The  earliest  of  these  to  be  prepared  for 
distribution  were  a  series  of  three  (Nos.  137,  138,  and  139)  relating  to 
the  coastal  plain  which  lies  between  the  Coast  Range  and  the  Pacific 
Ocean.  These  papers  did  not  embody  close  geologic  determinations, 
but  were  rather  records  of  the  developments  of  underground  waters 
which  had  taken  place  at  the  time  of  their  issue,  with  some  discussion 
of  the  effects  of  those  developments  in  the  region  treated  in  them. 
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The  more  important  data  were  graphically  presented  in  maps  and 
tables.  A  fourth  paper  (No.  142),  on  the  San  Bernardino  basin,  was 
more  complete  and  critical,  and  contained,  in  addition  to  the  essential 
hydrographic  data,  such  significant  geologic  and  economic  informa- 
tion as  had  been  brought  out  in  the  course  of  a  rather  careful  general 
study  of  the  valley. 

The  present  paper  is  intended  to  continue  the  presentation  of  evi- 
dence and  conclusions  which  are  of  value  to  w^ater  users  for  the  impor- 
tant region  that  lies  along  the  south  base  of  the  San  Gabriel  Mount4iixLs 
from  Cucamonga  westward  to  Los  Angeles.     This  belt  embraces  a 
small  area  in  the  extreme  w^estem  part  of  San  Bernardino  County,  but 
Ires  for  the  most  part  within  Los  Angeles  County.     It  includes  the 
important   communities   about   Ontario,   Pomona,   Lordsburg,    San 
Dimas,  Covina,  Glendora,  Monrovia,  and  Pasadena,  and  is  conven- 
iently and  appropriately  designated  the  *^ foothill  belt/'     Within  this 
area,  w^hich  comprises  only  about  450  square  miles  of  lowlands,  there 
are  between  55,000  and  60,000  acres  of  irrigated  lands  (exclusive  of 
municipalities),  a  large  proportion  being  in  citrus  fruits.     This  acre- 
age ranges  in  value  from  $200  to  $2,000  an  acre,  and  may  be  con- 
servatively estimated  to  be  worth  $20,000,000  or  $25,000,000.     In  the 
same  area  there  are  about  40  flowing  wells  and  nearly  400  pumping 
plants,  representing  an  investment  of  at  least  $1,000,000  in  wells  and 
plants  alone.     There  is,  of  course,  an  additional  heavy  investment  in 
the  connecting  distributing  systems.     It  is  estimated  that  the  pump- 
ing plants  supply  the  equivalent  of  80  to  100  second-feet  of  water, 
continuous  flow,  used  largely  for  irrigation.     This  output  is  not  regu- 
larly distributed  throughout  the  year,  but  is  largely  concentrated  in 
the  dry  months  of  July,  August,   and  September,   during  which, 
after  winters  of  light  rainfall,  the  production  of  underground  waters 
amounts  to  300  second-feet  or  more. 

GEOGRAPHY, 

The  valley  of  southern  California  is  a  complex  lowland  which  lies  at 
the  south  base  of  the  San  Gabriel  and  San  Bernardino  ranges,  opens 
directly  westward  to  the  Pacific,  and  communicates  with  the  Mohave 
and  Colorado  deserts  through  Cajon  and  San  Gorgonio  passes.  Its 
southern  boundary  is  irregular,  since  in  this  direction  finger-like  exten- 
sions interdigitate  with  spurs  of  the  Peninsula  Range,  whose  main 
mass  lies  to  the  south;  but  its  eastern,  western,  and  northern  bound- 
aries are  perfectly^  definite.  The  entire  area  of  this  horticultural  and 
productive  center  of  southern  California  is  not  more  than  about  3,000 
square  miles,  yet  in  wealth,  population,  and  teeming  industry  it  is  of 
more  importance  than  all  the  rest  of  the  State  south  of  the  Tehachapi 
Mountams. 
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The  foothill  belt  is  that  part  of  the  valley  of  southern  California 
jrhich  lies  along  the  base  of  the  San  Gabriels  from  Pasadena  to  the 
►vestem  edge  of  the  San  Bernardino  Valley.  It  include4S  the  greater 
[>art  of  two  lowland  areas,  the  Cucamonga  Plains  and  the  San  Gabriel 
Valley,  and  the  divide  between  them.  The  divide  is  a  broad,  low, 
internipted  pass  that  separates  a  northern  outlier  of  the  Coast  Range 
Lii  the  vicinity  of  Lordsburg  from  the  San  Gabriel  Range.  This  pass 
and  the  valley  of  San  Jose  Creek,  just  south  of  it,  give  the  most  direct 
lines  of  conmiimication  between  Los  Angeles  and  the  easterly  portions 
of  the  valley  of  southern  California,  about  Riverside,  San  Bernardino, 
and  Redlands.  The  Cucamonga  Plains,  forming  the  eastern  section  of 
the  foothill  belt,  constitute  a  wide  area  of  valley  land,  which  slopes 
from  an  elevation  of  2,000  feet  on  the  upper  portions  of  the  great 
alluvial  cones  at  the  base  of  the  San  Gabriel  Range  to  500  feet  at  Rin- 
con,  where  Santa  Ana  River  enters  its  lower  canyon  through  the  Santa 
Ana  Mountains.  Eastward  the  plains  merge  without  interveninjj 
physical  barriers  into  the  San  Bernardino  Valley. 

Westward  from  the  pass  at  Lordsburg  the  San  Gabriel  Valley 
opens.  It  is  a  rudely  semicircular  depression,  whose  base  is  the  San 
Gabriel  Range  and  whose  encircling  hills  are  the  low  and  scattered 
representatives  of  the  Coast  Range.  San  Gabriel  River  crosses  this 
semicircle  as  a  radius  from  the  mouth  of  its  mountain  canyon  above 
Azusa  to  the  Paso  de  Bartolo,  through  which  it  flows  out  upon  the 
coastal  plain.  One  other  stream  enters  the  San  Gabriel  Valley  from 
the  mountains  and  escapes  from  it  by  an  independent  canyon.  Tliis 
is  Arroyo  Seco  (PI.  I,  A,  B),  which  hugs  the  extreme  western  edge 
of  the  valley,  finally  breaking  through  the  liills  there  to  join  Los 
Angeles  River  at  the  inner  edge  of  the  coastal  plain.  All-  other  streams 
that  drain  into  the  San  Gabriel  Valley  from  the  mountains  are  tribu- 
tary to  San  Gabriel  River  when  all  of  their  flow  does  not  sink  before 
reaching  it. 

The  general  surface  aspect  of  this  valley  is  like  that  of  the  Cuca- 
monga Plains.  The  surface  slopes  gently,  being  steepest  at  the 
mountain  base  and  flatter  at  a  distance  from  it.  San  Gabriel  Wash 
is  the  valley  axis,  and  slopes  are  toward  it  from  aU  directions.  But 
in  general  the  San  Gabriel  Valley  slopes  are  less  steep  than  those  of 
the  Cucamonga  Plains,  and  there  are  within  it,  at  the  foot  of  the 
higher  mountains,  less  extensive  areas  of  lands  too  coarse  and  rough 
for  cultivation. 

All  of  this  foothill  belt,  and  many  square  miles  of  mountains  north 
of  it,  are  shown  on  three  of  the  United  States  Geological  Survey 
topographic  sheets — the  Cucamonga,  the  Pomona,  and  the  Pasadena — 
dra^n  on  a  scale  of  about  1  mile  to  the  inch. 
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GENERAL  GEOLOGIC   CONDITIONS. 

The  problems  of  the  occurrence,  the  volume,  the  direction  and  rate 
of  percolation,  and  the  accessibility  of  the  ground  waters  in  any  region 
are  intimately  related  to  the  rock  masses,  their  position,  character,  and 
attitude,  and  these  are  problems  of  geology.  The  study  of  ^ound 
waters,  then,  is  in  many  of  its  phases  an  application  of  geologic 
principles  and  can  not  be  carried  out  with  thoroughness  or  success 
unless  those  elements  of  the  geology  which  have  a  bearing  on  the 
problems  are  studied  at  the  same  time. 

In  order  to  make  clear,  therefore,  the  conditions  wliich  control  the 
occurrence  and  circulation  of  the  ground  waters  in  the  foothill  belt, 
a  r6sum6  of  the  important  geologic  factors  is  given. 

From  the  point  of  view  of  the  water  user  the  rock  masses  of  the 
foothill  belt  fall  into  two  very  general  classes,  those  wliich  are  water 
bearing  and  those  which  are  not. 

In  the  class  of  the  rocks  that  are  not  water  bearing  are  the  diorites, 
schists,  and  gneisses  of  the  San  Gabriel  Range  and  of  some  of  the  foot- 
hills. Among  the  latter  are  the  Verdugo  Mountains  and  the  San 
Rafael  Hills,  and  there  are  areas  in  the  Santa  Monica  Mountains  and 
the  Puente  Hills  which  are  made  up  of  the  same  dense,  practically 
impervious  rock.  Such  rocks  are  not  absolutely  dry.  They  are  in 
places  fractured  and  shattered,  or  are  affected  by  cleavage  and  joint 
cracks  in  which  water  in  small  quantities  may  occur,  but  it  is  prac- 
tically never  sufficiently  abundant  to  justify  expendit^l^es  of  capital 
in  development  work.  Local  water  companies  have  at  various  times 
and  places  driven  tunnels  or  bored  wells  in  these  rocks,  but  the  result 
is  invariably  disappointing.  The  amount  of  water  obtained  does 
not  compensate  for  the  capital  expended,  and  such  developments 
are  usually  abandoned. 

Another  series  of  rocks,  very  diflFerent  in  origin  and  appearance,  is 
^also  placed  in  this  class.  These  rocks  are  the  shales,  sandstones,  and 
conglomerates,  usually  of  Tertiary  age,  which  make  up  the  greater 
part  of  the  low  hills  that  rise  at  some  distance  from  the  base  of  the 
San  Gabriel  Mountains.  The  greater  part  of  the  Puente  Hills,  all  of 
the  hills  about  Los  Angeles  and  east  of  that  city  toward  San  Gabriel 
River,  and  the  main  mass  of  the  Santa  Monica  Mountains  are  made 
up  of  rocks  of  this  type. 

These  beds  are  sediments,  finely  stratified  and  folded,  and  they 
occasionally  yield  water  in  sufficient  volume  to  be  valuable.  A  group 
of  deep  wells  west  of  Los  Angeles,  bored  originally  for  oil,  obtained 
water  from  these  Tertiary  sandstones.  In  a  few  wells  it  was  imder 
sufficient  pressure  to  flow,  but,  like  most  waters  from  the  oU-bearing 
beds,  it  is  of  rather  poor  quality,  in  that  it  generally  carries  a  large 
proportion  of  alkaline  salts  in  solution  and  is  frequently  charged 
also  with  sulphuretted  hydrogen  gas. 
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As  compared  with  the  supply  in  the  gravel  beds  to  be  described 
shortly,  these  rock  waters  are  negligible  in  quantity  and  wholly 
inferior  in  quality.  From  the  practical  point  of  view,  therefore,  the 
rocks  in  which  they  are  found  are  to  be  considered  as  dry  in  this  part 
of  southern  California,  although  here  and  there  a  successful  well  has 
been  drilled  in  them.  All  these  ^'dry"  rocks  have  an  important 
indirect  function  to  perform  in  the  storage  of  the  ground  waters,  as 
they  form  the  bottom  and  sides  of  the  subterranean  reservoirs  and  so 
confine  the  waters  which  saturate  the  loose  gravels  that  fill  them. 

But  in  any  study  of  conditions  controlling  underground-water 
supplies  the  important  formation  is  the  most  recent  one — the  alluvial 
wash  which  fills  the  rock  basins,  absorbs  the  flood  waters  and  the 
return  irrigation  waters,  and  yields  these  up  again  at  lower  points 
through  springs  of  even  flow  or  through  artesian  and  pumped  wells. 
This  material  is  the  very  latest  deposit  in  the  foothill  belt.     It  is  com- 
posed exclusively  of  the  wash  from  the  heights  which  surround  the 
lowlands.     Of  these  heights  the  San  Gabriel  Mountains,  because  of 
their  greater  relief,  are  the  most  efficient  and  yield  much  the  greatest 
amount  of  debris,  in  the  coarsest  condition.     The  lower  hills  south 
and  east  of  the  foothill  belt  yield  comparatively  insignificant  amounts 
of  relatively  fine  material;  consequently  the  greatest  accumulations 
of  this  alluvium  are  found  along  the  bases  of  the  higher  mountains, 
where  it  is  also  the  coarsest.     But  the  aUuvium  itself  is  not  a  simple 
formation,  which  has  all  been  deposited  in  one  period.     There  are 
unmistakable  evidences  that  it  has  originated  at  two  different  times, 
and  that  between  these  periods  the  mountain-making  and  valley- 
deepening  forces  were  active,  so  that  it  is  probable  that  the  San 
Gabriel  Range  is  higher  now  than  when  the  first  of  this  alluvium  was 
laid  down.     This  is  a  matter  of  importance  to  the  water  user,  because 
the  greater  number  of  those  mysterious  ^'dikes''  which  are  cited  to 
account  for  the  apparently  erratic  behavior  of  the  imderground  cir- 
culation are  due  to  the  relations  which  exist  between  the  earlier  and 
later  alluvial  deposits.     As  a  matter  of  convenience  the  alluvium 
first  laid  down  will  be  spoken  of  as  the  earlier  alluvium  and  that  of 
the  second  period  as  the  later  alluvium. 

Along  the  base  of  the  San  Gabriel  Mountains,  from  Arroyo  Seco 
eastward  to  the  San  Dimas,  there  are  a  number  of  benches,  capped 
by  and  in  many  places  formed  entirely  of  the  earlier  gravel  and  clay 
deposits.  These  deposits  are  usually  characterized  by  a  dull-red 
color,  due  to  the  more  complete  oxidation  of  their  constituents,  this 
oxidation  being  due  in  turn  to  the  fact  that  the  red  clays  are  older 
and  have  been  exposed  longer  to  weathering  than  the  gray  gravels 
and  sands  of  the  modern  stream  washes.  These  older  benches  usu- 
ally slope  steeply  toward  the  south,  and  their  lower  margins  are  as 
a  rule  buried  under  the  modem  wash  and  are  indistinguishable  from 
it;  but  in  some  localities,  as  east  of  Eaton  Wash,  north  of  Duarte, 
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and  on  either  side  of  upper  San  Dimas  Wash,  the  limit  of  the  older 
alluvium  is  marked  by  an  abrupt  escarpment.  In  addition  to  these 
exposures  of  the  red  wash  along  the  terraces  at  the  foot  of  the 
mountains,  a  few  low  knobs  of  tliis  older  material  lie  out  in  the 
plains,  projecting  distinctly  above  the  modem  gray  stream  wash. 
The  most  conspicuous  and  best  known  of  these  occurrences  are 
Indian  Hill,  north  of  Claremont,  and  the  Red  Hills,  northeast  of 
North  Ontario. 

The  fact  that  this  older  formation  occurs  at  so  many  points  at  a 
greater  elevation  than  the  later  wash  is  evidence,  although  not  proof, 
that  mountain-making  forces  have  been  in  operation  since  it  was 
deposited,  and  that  the  San  Gabriel  Mountains  are  now  higher  than 
when  it  was  laid  down,  and  they  hint  that  the  correlative  process — 
valley  deepening — which  so  often  accompanies  mountain  growth, 
has  likewise  been  under  way  and  has  resulted  in  a  deeper  San  Gabriel 
Valley  than  before. 

Although  this  greater  elevation  is  imperfect  evidence  of  the  con- 
tinued activity  of  mountain-making  forces,  actual  proof  of  such 
activity  is  found  in  one  or  two  places,  where  the  old  alluvium  has 
been  very  distinctly  folded,  and  the  attitude  of  its  beds,  oiiginally 
horizontal,  has  been  changed  to  vertical  or  nearly  vertical.  East  of 
the  mouth  of  Sawpit  Canyon,  in  an  exposure  along  the  edge  of  the 
mesa,  the  red  clays  and  gravels  of  the  old  alluvium  are  found  nearly 
on  edge,  that  is,  they  dip  60°  or  70°  S.  away  from  the  mountains; 
and  at  a  number  of  points  farther  east  lesser  dips  of  20°  or  30*^  may 
be  noted.  These  facts  indicate  that  marked  crustal  movements  have 
taken  place  since  the  deposition  of  the  earliest  alluvium.  These  are 
the  movements  which  presumably  have  resulted  in  an  increase  in 
the  height  of  the  San  Gabriel  Range. 

Although  the  modern  alluvium,  the  gray  wash  which  underUes  the 
greater  part  of  the  San  Gabriel  Valley  and  the  Cucamonga  Plains,  is 
the  important  water-bearing  formation,  the  older  wash  is  also  of 
direct  importance  in  many  localities.  Producing  wells  of  value  have 
been  drilled  in  it  in  the  vicinity  of  Laveme  and  San  Dimas  and  along 
the  northeastern  slope  of  the  Red  Hills.  It  also  has  a  most  impor- 
tant indirect  eflFect,  in  that  an  older  topography — hills  and  valleys 
and  plains  of  the  older  material — has  been  buried  by  the  later  gray 
wash  or  has  been  deeply  cut  into  by  the  streams  which  have  depos- 
ited it;  and  now  these  buried  or  partly  buried  old  hills  and  valleys 
deflect  or  retard  or  otherwise  modify  the  underground  circulation 
through  the  later  wash,  which  has  been  deposited  in  the  older  valleys 
and  around  the  older  hills. 

These  effects  of  the  relations  of  the  alluvium  of  the  two  periods 
are  treated  more  in  detail  in  the  discussion  of  the  ground-water  con- 
ditions in  each  of  the  communities.     But  before  this  discussion  is 
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taken  up  it  is  desired  to  outline,  in  a  general  account  of  the  physical 
geography,  the  origin  of  the  mountains  and  valleys  and  their  rela- 
tive ages.  This  is  a  matter  of  scientific  rather  than  of  practical 
interest,  although  in  the  operation  of  the  forces  which  have  given 
southern  California  her  marvelous  diversity  of  abrupt  and  rugged 
mountains  and  fertile  plains,  the  deep,  alluvium-fQled  basins  which 
are  now  so  important  as  underground  reservoirs  have  come  into 
being. 

PHYSIOGRAPHY. 

GENERAL  FEATURES. 

The  comer  of  Kern,  Los  Angeles,  and  Ventura  counties,  Cal.,  lies 
just  south  of  Tejon  Pass  and  near  the  northern  edge  of  that  great 
mountain  area  in  which  the  Sierra  proper,  the  northern  and  the 
southern  Coast  ranges,  and  what  may  be  regarded  as  the  southern 
representatives  of  the  Sierra,  i.  e.,  the  San  Gabriel  and  the  San  Ber- 
nardino mountain  masses,  merge.  Southwest  of  this  mountain  nodal 
point  lies  the  Pacific  Ocean.  Northeast  of  it  is  the  Mohave  Desert. 
Toward  the  north  the  great  San  Joaquin  Valley  opens  and  separates 
the  Sierra  from  the  Coast  ranges.  Toward  the  southeast  lies  the  valley 
of  southern  California,  in  a  general  way  comparable  in  its  geographic 
relations  to  the  San  Joaquin  Valley,  but  much  smaller  in  area  and 
very  much  more  complex  in  character  and  origin. 

This  valley  consists  of  a  number  of  distinct  basins  which  are  sep- 
arated by  physical  barriers  so  low  or  so  interrupted  by  passes  that 
they  present  no  serious  obstacle  to  intercommunication  between  the 
various  cultivable  lowlands;  but  the  ranges  north  and  east  of  these 
connected  basins  separate  them  completely  from  the  northern  valleys 
and  from  the  deserts  and  give  a  logical  basis  for  grouping  them 
together  as  they  are  grouped  in  commercial,  agricultural,  and  histori- 
cal nomenclature,  under  the  collective  term  ''valley  of  southern 
California." 

As  with  increasing  settlement  the  necessity  has  arisen  for  local 
names  by  which  the  various  subdivisions  of  the  valley  could  be  dis- 
tinguished, these  have  been  supplied,  and,  as  is  usually  the  case  in 
human  occupation,  they  are  not  merely  commercially  convenient 
designations,  but  have  an  apt  geographic  significance  which  renders 
them  quite  as  available  for  the  use  of  the  scientific  geographer  as  for 
the  merchant,  the  tourist,  or  the  traffic  manager. 

The  more  important  of  these  subdivisions  of  the  greater  valley  are 
the  coastal  plain,  between  the  Puente  Hills  and  the  sea;  the  San 
Fernando  Valley,  an  inclosed  basin  forming  the  extreme  northwestern 
lobe  of  the  greater  lowland;  the  San  Gabriel  Valley,  another  basin 
inclosed  on  the  east,  west,  and  south  by  diverging  arms  of  the  Coast 
Kange,  and  abruptly  limited  on  the  north  by  the  southern  face  of 
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the  San  Gabriel  Mountains;  the  Cucamonga  Plains,  east  of  the  San 
Gabriel  Basin  and  passing  without  intervening  physical  barriers  inltJ 
the  San  Bernardino  Valley,  itself  the  northeasternmost  of  the  local 
basins;  and  finally  the  San  Jacinto  Valley,  an  irregular  area  drained 
by  San  Jacinto  River  and  made  up  of  a  multitude  of  local  vaUeys 
and  intervening  irregular  heights. 

ORIGIN  OP  PHYSICAL  FEATURES. 

In  the  geographic  and  physiographic  sense  this  valley  and  its  sur- 
rounding heights  constitute  one  of  the  most  complex  areas  of  the 
State.  California  mountains  generally  seem  to  be  the  immediate 
products  of  crustal  movement.  Many  individual  ranges  are  to  be 
explained  as  results  of  local  uplift.  In  the  interior  of  the  continent 
and  along  its  eastern  mai^in  heights  of  this  character  are  more 
uncommon.  There  it  is  usual  to  find  that  individual  mountain 
groups  result  from  differential  erosion  acting  on  broad  heights  like 
the  Appalachian  plateau.  In  the  Pacific  coast  region,  on  the  con- 
trary, mountain  masses  of  erosional  origin  are  unusual;  the  individ- 
ual uplift  is  the  rule. 

As  this  type  of  mountain  range  is  well  marked  and  to  be  recognized 
at  many  places  along  the  Pacific  coast,  so  there  is  a  corresponding 
type  of  valley  very  common  here  and  in  the  adjacent  deserts,  less 
usual  elsewhere,  and  well  illustrated  by  the  individual  basins  which 
together  constitute  the  valley  of  southern  California.     This  is  the 
constructional  basin,  due,  like  the  mountain  ranges,  to  crustal  move- 
ment instead  of  to  erosive  action.     Normally  the  world  over,  valleys 
are  due  to  running  water — the  greater  valleys  to  long-continuetl 
erosion  or  to  erosion  of  soft  rocks,  the  minor  valleys  to  erosive  action 
of  short  duration  or  acting  on  resistant  rocks.     It  is  perhaps  even 
less  usual  to  find  lowlands  that  are  directly  due  to  crustal  movement 
than  to  find  mountain  ranges  of  this  character,  but  in  southern 
California  all  the  important  lowlands,  as  well  as  the  uplands,  are 
direct  results  of  crustal  deformation.     Only  the  details  of  sculptur- 
ing— the  form  of  the  individual  peaks  and  ridges,  the  canyons,  the 
grade  of  the  mountain  streams,   and  the  slopes  of  the  mountain 
sides — are  due  to  the  subaerial  erosive  agents,  water,  ice,  and  vdnd: 
the  mountain  mass  as  a  whole  is  an  upthrust  block  of  the  earth's 
crust.     Similarly,  the  details  of  the  surface  of  the  broader  lowlands 
are  due  to  erosive  agents.     Their  action  here,  however,  has  been  just 
the  reverse  of  that  in  the  mountain  areas.     There  the  effect  of  these 
agents  has  been  to  reduce  the  heights,  to  undo  the  work  of  the 
mountain-making  forces.     In  the  valleys  they  have  deposited  the 
materials  which  have  been  removed  fi'om  the  uplands,  filled  the 
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original  depressions,  and  covered  the  irregularities  in  their  surfaces; 
in  a  word,  they  are  leveling  agents,  and  if  their  action  were  not  coun- 
teracted by  that  of  the  mountain-building  forces,  the  whole  surface 
would  eventually  be  reduced  to  a  plain. 

The  details  of  the  movements  in  which  southern  CaUfomia's 
attractive  alternation  of  valley  and  plain  originated  will  perhaps 
never  be  known.  Many  more  of  them  than  are  now  available  will, 
however,  be  worked  out  in  the  detailed  geologic  and  physiographic 
investigations  of  the  future.  But  it  is  possible  even  with  our  present 
imperfect  knowledge  to  outline  in  a  broad  way  what  has  happened. 

In  the  middle  and  northern  Sierra,  where  close  geologic  studies 
have  been  completed,  it  has  been  determined  that  late  in  Tertiar}' 
time  the  area  occupied  by  the  present  Sierra  Nevada  was  one  of  com- 
I)aratively  low  relief,  with  gentle  slopes  and  streams  of  moderate 
grade,  and  that  the  major  part  of  the  movement  which  has  resulted 
in  the  present  great  range  has  taken  place  since.  It  is  probable  that 
the  liistor}'  of  southern  California  corresponds  in  its  broad  outlines 
with  that  of  the  northern  part  of  the  State,  and  that  here,  until  late 
in  the  Tertiarj%  the  mountain  ranges  were  much  lower  than  they  are 
now  and  the  valleys  much  less  deep.  It  is  clear  that  the  forces  wliich 
have  produced  these  mountains  and  valleys  began  to  act  before  the 
close  of  the  Tertiary  period,  because  the  latest  Pliocene  deposits  con- 
tain gravels,  widely  distributed  and  in  many  places  coarse.  Their 
c^)arseness  indicates  that  mountains  existed  near  by  at  the  time  they 
were  laid  down,  and  their  relation  to  the  Tertiary-  beds  whose  deposi- 
tion just  preceded  theirs  indicates  that  the  earlier  beds  were  dis- 
turbed between  the  two  epochs.  The  present  mountains  and  valleys 
began  to  form  toward  the  end  of  the  Tertiary,  and  it  is  likely  that 
they  have  been  in  process  of  formation  ever  since.  In  fact,  it  seems 
probable  that  moimtain-making  forces  are  as  active  on  this  part  of 
the  Pacific  coast  at  present  as  they  have  been  at  any  time  since  early 
earth  history.  Incidents  like  the  Owens  Valley  earthquake  of  1872, 
the  San  Jacinto  earthquake  of  1900,  the  great  San  Francisco  disaster 
of  1906,  and  the  innumerable  minor  temblors  which  occur  from  time 
U)  time  are  evidences  of  the  activity  of  these  forces.  Science  no 
longer  regards  it  as  probable  that  mountains  originate  in  a  night,  in 
one  tremendous  cataclysm,  except  in  volcanic  regions.  Ordinarily 
their  growth  is  a  gradual  process.  There  are  movements  of  a  few 
inches,  or  at  most  of  a  few  feet,  from  time  to  time,  and  the  cumulative 
results  give  us  mountains  thousands  of  feet  high  and  basins  thousands 
of  feet  deep,  where  originally  were  only  broad  plains. 
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FAULT  LINES. 

Movements  such  as  those  just  discussed,  by  which  the  highlands  and 
lowlands  are  differentiated,  are  concentrated  along  lines  of  weaknes? 
where  the  crust  yielded  to  the  earliest  strains.  When  such  lines  of 
weakness  are  once  estabUshed,  they  tend  to  perpetuate  themselves 
as  the  crust  adjusts  itself  to  later  strains  by  yielding  along  the  same 
lines.  These  lines  of  yielding  are  either  faults — actual  fractures  erf 
the  crust — or  flexures. 

About  the  borders  of  the  valley  of  southern  Cahfomia  are  a  number 
of  clearly  defined  fault  lines  of  this  character,  movement  along  which 
has  evidently  played  a  conmiaading  part  in  the  development  of  the 
present  physical  features.     The  dominant  fault  of  the  entire  region 
is  the  great  fracture  which  extends  northwest  and  southeast  along 
the  south  base  of  the  San  Bernardino   Mountains  and   the  north 
base  of  the  San  Gabriel  Mountains,  and  is  a  continuation  of  the  fault 
readjustment  along  which  proved  so  destructive  to  the  country  abt^ut 
San  Francisco  Bay  on  April  18,  1906.     Another  disturbance  wliich 
for  at  least  a  part  of  its  length  is  a  fault  line  is  of  importance  to  the 
oil  men  of  California,  because  many  of  the  producing  wells  of  this 
part  of  the  State  are  found  along  it.     It  limits  the  Santa  Ana  Moun- 
tains on  the  northeast  as  far  as  the  lower  canyon  of  Santa  Ana  River, 
where  it  crosses  the  range  and  extends  along  the  Puente  Hills,  near 
their  southern  edge,  to  the  vicinity  of  Whittier,  and  perhaps  farther. 
A  third  fracture  of  this  character  lies  north  of  San  Jacinto  and  skirts 
the  south  base  of  the  badlands  which  separate  the  Alessandro  Valley 
from  San  Timoteo  Canyon.     Another,  somewhat  less  regular  than 
those  described  and  beheved  to  be  older  in  the  sense  that  no  move- 
ments have  taken  place  along  it  as  recently  as  along  some  at  least  of 
the  others,  bounds  the  San  Gabriel  Mountain  mass  on  the  south  and 
separates  it  from  the  cultivated  lowlands  of  the  foothill  belt. 

It  is  to  be  understood  clearly  that  crustal  movements  along  these 
axial  lines — those  in  an  upward  direction  producing  mountain  masses, 
those  in  a  downward  direction  resulting  in  basins  and  valleys — were 
probably  in  all  cases  accompanied  by  twisting  and  distortion  of  the 
surfaces  thus  uplifted  or  depressed,  so  that  after  the  movement  had 
been  accomplished  these  surfaces  were  no  longer  approximately  plane, 
as  they  probably  were  when  the  movements  began.  Hence  the 
mountain  tops,  even  before  the  erosion  inaugurated  by  the  uplift  had 
destroyed  the  original  siu-faces,  were  probably  not  level,  although 
they  must  have  included  many  nearly  level  areas,  and  the  basin 
bottoms  were  likewise  depressed  much  more  at  one  place  than  another, 
and  so  were  very  irregular. 
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RELATIVE  AGES  OF  THE  PHYSICAL  FEATURES. 

All  the  mountains  and  valleys  of  southern  CaUfomia  have  come 
into  being  very  recently,  in  a  geologic  sense,  but  not  all  are  of  the 
same  age.  In  a  great  many  cases  evidence  either  does  not  exist  or  has 
not  been  brought  out  to  determine  which  of  two  features  is  the  older; 
tut  in  the  case  of  the  two  mountain  groups,  the  San  Gabriel  and  the 
San  Bernardino,  the  dominating  mountain  masses  of  this  region, 
evidence  apparently  does  exist  for  deciding  this  highly  interesting 
question.  This  evidence  is  largely  physiographic — that  is,  it  lies  in 
the  character  of  the  land  forms  and  so  is  of  a  very  delicate  nature. 

If  from  some  commanding  point  Uke  the  summit  of  Santiago  Peak, 
in  the  Santa  Ana  Mountains,  the  two  neighboring  ranges,  the  San 
Gabriel  and  the  San  Bernardino  groups,  are  carefully  examined, 
striking  differences  in  their  physical  aspect  at  once  become  apparent. 
One  seeks  in  vain  for  horizontal  lines  along  the  San  Gabriel  tops;  a 
confusion  of  peaks  and  ridges  of  discordant  and  seemingly  unrelated 
heights  makes  up  the  mountain  mass.  The  San  Bernardino  range  is 
in  striking  contrast  with  this.  Its  west  end  especially  displays  a  long 
even  sky  line  at  elevations  between  5,000  and  6,000  feet  above  the  sea. 
On  the  east  the  broad  masses  of  San  Gorgonio  Peak  rise  much  higher. 

If  one  enters  these  ranges  to  explore  them  in  detail,  corresponding 
differences  are  found.  The  San  Gabriel  Mountains  present  a  labyrinth 
of  canyons  and  ridges  and  peaks,  with  no  level  areas  of  any  size.  The 
ridges  have  narrow  summits;  the  peaks  are  sharp;  the  streams  are  all 
evenly  graded  from  soiu-ce  to  mouth.  In  the  San  Bernardino  Moun- 
tains, on  the  contrary,  there  are  many  wide  upland  valleys,  forested 
and  grassy  glades,  and  lakes  or  playas  like  Bear  Lake  and  Baldwin 
Lake.  Where  these  upland  levels  are  attained  it  is  difficult  to  realize 
that  one  is  actually  in  the  high  mountains.  The  surrounding  topo- 
graphic forms  are  rounded  and  gentle,  the  level  areas  are  extensive, 
the  streams  meander  placidly  through  broad  meadows,  and  the  topo- 
graphic type  is  that  of  a  rolling  countrj-  of  moderate  elevation.  But 
as  the  edge  of  these  interior  uplands  is  approached  the  streams 
plunge  into  precipitous  canyons,  the  slopes  are  as  steep  as  earth  and 
rock  can  stand,  the  roads  and  trails  twist  and  turn  and  double  to  find 
a  devious  and  precarious  way  to  the  valleys  below. 

These  topographic  differences — the  presence  of  broad  uplands  in 
one  range  and  their  complete  absence  in  the  other — have  a  definite 
meaning  in  the  history  of  the  mountain  masses.  The  smooth  forms 
are  conceived  to  have  been  produced  by  long-continued  erosion  at  rela- 
tively low  levels  in  accordance  wth  well-established  principles,  and 
their  preservation  since  the  mountain  mass  has  been  elevated  is  due 
to  the  short  time  that  has  elapsed  since  that  event.  With  the 
further  passage  of  time,  the  canyons  that  are  now  so  pronounced  a 
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feature  of  the  border  of  tlie  San  Bernardino  mass  will  have  extended 
to  its  very  heart,  and  the  smooth  uplands  that  now  occupy  the  center 
of  the  range  will  have  disappeared^.  The  San  Bernardino  Mountains 
will  then  be  as  the  San  Gabriel  Mountains  are  now,  a  thoroughly 
dissected  range.  The  important  fact  that  they  are  not  at  present  in 
this  condition  is  regarded  as  satisfactory  evidence  that  they  are 
much  3"ounger — that  is,  that  a  much  shorter  time  has  elapsed  since 
the  elevation  of  the  San  Bernardino  block  into  a  mountain  range 
than  since  the  similar  elevation  of  the  San  Gabriel  block. 

SUMMARY. 

The  topography  of  southern  California  in  its  broad  features,  and 
of  the  foothill  belt  in  particular,  is  due  to  the  latest  crustal  move- 
ments. These  movements  may  have  produced  folding  in  rock 
masses,  but  their  distinctive  effect  has  been  to  originate  the  present 
relief  of  the  country,  to  raise  the  mountains  here  and  to  depress  the 
valleys  there,  the  uplands  and  the  lowlands  being  separated  by 
zones  of  sharp  flexure  or  of  faulting.    • 

Finally,  the  details  of  the  present  topography  have  been  carved 
by  erosion  since  the  differential  movement  began.  Crustal  readjust- 
ments in  response  to  internal  strain,  then,  have  produced  the  moun- 
tain masses  and  deep  valleys,  while  contemporary  and  later  erosion 
has  produced  the  canyons  and  the  details  of  mountain  slopes,  and 
has  leveled  the  original  basins  into  broad  plains  by  spreading  over 
them  the  material  removed  in  sculpturing  the  mountain  areas. 

The  different  mountain  masses,  although  all  are  comparatively 
recent,  have  not  been  uplifted  at  the  same  time.     The  San  Gabriel  • 
Range  is  in  this  sense  much  older  than  the  San  Bernardino  Range, 
which  has  come  into  existence  as  a  mountain  mass  at  a  distinctly 
later  date  than  its  neighbor. 

RAINFALL. 

DISTRIBUTION  AND  AMOUNT. 

The  annual  distribution  of  rainfall  within  the  foothill  belt  is  like 
that  throughout  the  Pacific  slope  of  southern  Cahfornia,  since  the 
entire  region  is  one  meteorological  province  with  charactmstics 
common  to  all  parts.  The  chief  of  these  characteristics  is  the  division 
of  the  year  into  wet  and  dry  seasons,  the  former  including  the  months 
from  November  to  April,  and  the  latter  the  remainder  of  the  year. 
The  driest  months  are  June,  July,  August,  and  September,  durinjr 
wliich  practically  no  rain  falls,  and  the  wettest  are  December,  Janu- 
ary, February,  and  March,  while  April  and  May  in  the  spring  and 
October  and  November  in  the  autumn  serve  to  bridge  the  interval 
between  the  more  pronounced  seasons,  a  variable  but  generally 
slight  rainfall  being  recorded  for  these  months. 
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The  geographic  distribution  of  the  rainfall  within  the  province  is 
quite  as  definite  as  its  distribution  in  time.  During  the  winter 
season,  when  the  winds  from  the  Pacific  pass  from  the  relatively 
warm  ocean  over  the  cooler  land,  they  acquire  its  temperature,  lose 
capacity  to  retain  moisture,  and  drop  a  part  of  their  burden  as  rain- 
fall. Other  tilings  being  equal,  the  greater  the  reduction  in  tempera- 
ture they  suffer  the  greater  the  rainfall;  hence  the  mountain  areas 
surrounding  the  southern  Cahfornia  lowlands,  being  higher  and 
cooler,  receive  heavier  rains,  and  the  communities  nearer  the  moun- 
tains receive  more  than  those  at  a  greater  distance  from  them.  Thus 
the  average  at  Anaheim  is  about  12  inches,  and  at  Riverside  about  11, 
while  at  Los  Angeles  and  San  Bernardino,  nearer  the  mountains,  the 
precipitation  is  between  15  and  16  inches. 

This  increase  from  the  outlying  plains  toward  the  base  of  the 
mountains  is  known  to  be  maintained  as  the  higher  parts  of  the 
mountains  are  approacjied,  but  exact  data  to  illustrate  tliis  gen- 
erally known  fact  are  not  available  for  the  foothill  belt,  no  stations 
being  regularly  maintained    in  the  adjacent  mountains. 

The  genera  I  character  of  the  rainfall  for  the  valley  is  illustrated 
by  the  following  precipitation  tables: 

Rain/all,  in  iTiches,  at  Loa  AngeleSy  Cal. 


Year. 

July. 

Aug. 

Sept. 

0.00 
.00 
.00 
.00 
Tr. 
Tr. 
.00 
Tr. 
Tr. 
.00 
.15 
Tr. 
.00 
.06 
.06 
.00 
Tr. 
.73 
Tr. 
Tr. 
.00 
.02 
Tr. 
Tr. 
.03 
Tr. 
.43 
.28 
Tr. 

Oct. 

a86 
.14 
.93 
.14 
.82 
.05 

1.42 
.30 
.26 
.01 
.12 
.36 

6.95 
.03 
.00 
.33 
.75 
.02 
.24 

1.30 

2.47 
.09 

1.59 
.26 

1.88 
.40 
Tr. 
.69 
.08 

Nov. 

0.45 
Tr. 

3.44 
.67 
.27 

1.82 
.00 

1.06 

5.52 

1.18 
.78 

4.01 

1.35 
.13 
.00 

4.40 
.20 
.00 
.80 

1.66 
.01 
Tr. 
.90 

6.53 
.46 

2.08 
.00 
.00 

2.98 

Dec. 

3.93 

4.70 

6.53 

8.40 

.52 

.08 

2.56 

4.64 

1.63 

.18 

2.67 

6.26 

15.80 

2.32 

1.99 

4.18 

3J\5 

4.62 

.78 

2.12 

.05 

.12 

.90 

Tr. 

Tr. 

2.50 

Tr. 

2.45 

.20 

Jan. 

Feb. 

Mar. 

2.57 

.49 

1.45 

1.66 

2.66 

2.87 

12. 36 

.01 

2.50 

.24 

3.15 

6.48 

.66 

.41 

3.39 

&52 

.37 

3.77 

2.97 

2.31 

.98 

1.81 

.99 

.45 

2.98 

6.93 

4.50 

6.00 

7.35 

Apr. 

1.71 

1.19 

&00 

.46 

1.83 

.15 

3.54 

2.00 

3.29 

2.30 

.11 

.27 

.22 

.26 

.22 

.19 

.13 

.46 

.19 

.02 

.03 

.18 

.54 

.(W 

.16 

3.77 

.97 

.35 

.69 

May. 

0.66 
.24 
.04 
.01 
.63 

2.02 
.34 
.«) 
.00 
.20 
.02 
.62 
.03 
.31 

2.06 
.06 
.20 
.19 
.30 
.10 

1.75 
.04 

1.81 

1.50 
.03 
Tr. 
Tr. 
.95 

1.02 

June. 

Total. 

1877-78 

0.00 
.00 
.00 
Tr. 
.00 
.00 
Tr. 
Tr. 
Tr. 
.24 
.07 
.03 
.00 
.00 
Tr. 
.00 
.00 
Tr. 
Tr. 
.02 
Tr. 
.07 
.00 
Tr. 
Tr. 
Tr. 
.00 
Tr. 
.00 

0.00 
Tr. 
.00 
Tr. 
Tr. 
.00 
.00 
Tr. 
Tr. 
.21 
.00 
.08 
.61 
.03 
.00 
.01 
.00 
.01 
Tr. 
.01 
.00 
Tr. 
.01 
Tr. 
.09 
Tr. 
Tr. 
.17 
.00 

3.33 
3.» 
1.33 
1.43 
1.01 
1.62 
3.15 
1.05 
7.72 

.20 
6.03 

.25 
7.83 

.25 

.88 
6.29 

.94 
5.84 
3.23 
3.70 
1.26 
2.64 
1.17 
2.49 
1.62 
2.10 

.14 
2.57 
3.85 

7.68 
.97 

1.56 
.36 

2.66 

3.47 

13.37 

Tr. 

1.38 

9.25 
.77 
.92 

1.36 

a56 

3.19 
2.27 
.49 
.46 
Tr. 
5.62 
.51 
.04 
Tr. 
4.38 
3.35 
1.52 
2.68 
6.06 
2.47 

a  07 
.03 
.00 
.00 
Tr. 
.03 

1.39 
Tr. 
.01 
.04 
Tr. 
.00 
.02 
.00 
.06 
.03 
Tr. 
.01 
Tr. 
Tr. 
Tr. 
.58 
Tr. 
Tr. 
Tr. 
.02 
Tr. 
.00 
.01 

21.26 

1878-79 

11.35 

1879-80 

1880^1 

1881-S2 

20.34 
13.13 
10.40 

1882-83 

12. 11 

1883-84 

38.13 

1884-85 

9.12 

1885-86 

22.31 

1886-87 

1887-88 

14.05 
13.87 

1888-88 

19.28 

1889-90 

34.83 

1890-^91 

12.36 

1891-92 

1892-93 

11.85 
26.28 

1893^94  

6.  73 

1894-95 

16. 11 

1895-96 

1896-97 

8.51 
16.86 

1897-98 

1898-99 

7.06 
5.59 

1899-1900 

1900-1901 

1901-2 

1902-3 

1905-4 

7.91 
16.29 
10.60 
19.32 

8.72 

1904-5 

1905-6 

19.52 
18.65 

Average,  twenty-nino  seasons,  15.<)0  Inches. 
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FOOTHILL  BELT   OF   SOUTHERN   CALIFORNIA. 


Rainfall f  in  inches ^  at  Pasadena^  Cal, 


Year. 

July. 

0.00 
.00 
.00 
.05 
.17 
.00 
.00 
.00 
.00 
.00 
.70 
.00 
.00 
.05 
.05 
.01 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Aug. 

0.00 
.20 
.14 
.26  1 
.00 
.00 
.62 
.00 
.00 
.00  1 
.09 
.09  i 
.00 
.15  ' 
.15  ; 
.00  1 
.00 
.00  1 
.00  1 
.00 
.00  1 
.53  1 
.00  1 

Sept. 

0.00 
.00 
.00 
.04 
.33 
.00 
.00 
.26 
.09 
.00 
.00 
.85 
.00 
.00 
.23 
.27 
.00 
.05 
.00 
.00 
.34 
.34 
.05 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

12.99 

.05 

2.45 

.27 

&62 

&83 

.90 

.68 

4.23 

9.84 

.96 

4.53 

3.73 

3.57 

1.14 

2.06 

1.55 

.17 

3.29 

9.70 

181 

8.65 

ia83 

Apr. 

I 

June 

1.90 
.11 
.00 
.00 
.00 
.00 
.06 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.03 
.00 
.00 
.00 
-00 
.00 
.00 
.00 
.00 

I 

.  TouL 

1883-84 

1.30 
.25 
.00 
.10 
.12 
.45 

9.31 
.07 
.00 
.62 
.80 
.04 
.32 

2.04 

2.40 
.49 

2.02 
.34 

2.70 
.53 
.00 
.96 
.17 

0.00 
.89 
7.49 
1.15 
1.12 
5.68 
1.45 
.35 
.05 
3.72 
.20 
.00 
1.30 
1.88 
.10 
.52 
1.43 
9.80 
.73 
3.24 
.00 
.00 
2.55 

2.73  0.10 
3.95  1.22 
2.05     7.40 

.17  .19 
4.98  7.40 
6.71  1  .09 
17.17  7.92 
3.52  1  .14 
2. 25  1  1.  54 
4.30  1  7.65 
4. 77  1  1.  51 
7. 24     &  10 

.91  2.96 
2.33     &94 

.26     1.50 

.64  3.18 
1.62     1.11 

.00     3.78 

.00  1.63 
3.07     4.03 

.00  .21 
1.90     2.63 

.  17     4. 44 

13.21 

.00 

2.32 

10.66 

1.57 

1.06 

2.66 

10.75 

3.40 

2.07 

.82 

1.44 

.00 

6.34 

.69 

.00 

.00 

6.80 

3.01 

.90 

3.89 

10.44 

5l93 

3.00 

11! 

2.33 
.46 
.41 
.60 

1.84 
.25 
.47 
.13 
.53 
.50 
.00 
.39 
,12 
.82 

1.16 
.38 

3.09 
.93 
.18 

2.64 

.15 

.28  1 
.00 
.95  , 
.20  i 
.73 
3.94  1 
.00  ! 
.61   1 
.25  1 

■:i\ 

1.98  , 
1.8S 
2.42  > 
1.62 

.09 

.00 

.01 
1.44 
1.67 

t 

41.4' 

1884-85 

t     1ft  rt' 

1885-86 

-^-•1 

1886-87 

\hH 

1887-88 

'    21- 

1888-89  

,    213 

1889-90  

!        #1   V4 

1890-91 

IK  34 

1891-92 

1892-93 

li75 

2Kr.: 

1893-94 

111.3^ 

1894-95  .. 

2:1  r: 

1895-96 

■        «*  V 

1896-97 

1897-98 

1898-99 

1899-1000 

1900-1901 

1901-2 

1    2\.^ 

,      9.1- 
10  97 

1    24  22 
ll.» 

1902-3 

215ft 

1903-4 

10.19 

1904-5 

27.  or 

1905.^? 

25.  Ob 

Average,  twenty-three  seasons,  20.14  inches. 


Rainfall,  in  inches,  at  Pomona,  Cal. 


Year. 


July. 


1880-87... 
1887-88... 
1888-89... 
1889-90... 
1890-91 . . . 
1891-92... 
1892-93... 
1893-94... 
1894-96... 
1895-96... 
1890-97... 
1897-98... 


1899-1900. 
1900-1901. 
1901-2. . . . 
1902-3. . . . 
1903-4.... 
1904-6.... 
1905-0.... 


;  0.00 

I     .00 

I     .00 

.00 

I    .00 

.00 

.00 

.07 

.00 

I    .00 

I    .05 

'    .00 

I    .00 

'    .00 

.00 

.00 

.00 

.00 

.00 

,    .00 


Aug.    Sept.;  Oct. 


0.00  . 
.00  , 
.00  I 
.00  , 
.14 
.12  I 
.00 
.00 
.00 
.00 
.24 
.00 
.00 
.00 
.00 
.00 
.00 
.02 
.23 
.00 


0.00 
.00 
.00 
.00 

1.11 
.11 
.00 
.17 
.63 
.00 
.00 
.25 
.0(> 
.30 
.00 
.17 
.00 
.38 
.00 
.02 


0.00 
.37 
.00 

3.85 
.05 
.00 
.02 

1.84 
.02 
.05 

2.44 

2.84 
.07 

1.90 
.44 

1.95 
.47 
.01 

1.19 
.12 


Nov.  '  Dec.     Jan.  I  Feb.  ,  Mar.    Apr. ,  May. ,  J  une.  TotaL 


I 


1.05 

1.25 

170 

1.82 

.45 

.00 

3.45 

1.44 

.00 

1.36 

1.49 

.53 

.06 

1.94 

10.12 

.72 

1.62 

.00 

.00 

2.71 


1.25 
3.66 
&04 
12.59 
3.35 
2.69 
2.92 
159 
8.66 

.91 
1.69 
1.04 

.44 
1.04 

.00 

.03 
2.91 

.01 
1.42 

.04 


0.20 

I  8.33 

.17 

7.10 
I    .13 

1.02 


1.81 
9.12  I 
2.90 
6.20 
2.16 
2.83 
1.74 
122  , 
2.41 
1.57 
.33  , 
3.36  ' 
181 


&28  > 
1.70  I 
1.48 
2.56  I 
12.78 
3.41 
3.87 
1.13  I 


Z43 

.00 
&92  { 

.74 

.31 

.13  . 
181 
3.21 
1.77 
Z68 
8.06 
2.50 


0.00 
6.63 
9.32 

.52 
1.16 
2.84 
ia85 

.96 
144 
109 
141 
1.46 
2.97 
1.35 

.51 
121 
7.23 
5.57 
a50 
9.65 


I 


a2s  I 

.00  1 


2.27 
.00 

.87  ,    ... 
.31  '    .00  , 
1.67     1.02  I 
3.86 
.22  I 
.44 
.38  I 
.03  I 
.43, 
2.03 
.07 
2.60 
1.47 
.19 
.15 
.07  1 
2.34 


.64 

.26 
1.00 

.21. 

.00 

.13 

.07 

.80 

.41 

.46 
119 
1.24 
1.35  , 
1.58  I  1.31  I 


aoo 

.00 
.00 
.00 
.00 
.42 
.05 
.00 
.00 
.00 
.00 
.00 
.89 
.00 
.01 
.10 
.01 
.00 
.01 
.41 
I 


13,33 
21- M 
23. 3S 
28.75 
21. !« 
1170 
29.05* 
12.70 
26. 6S 

lai.' 

22.87 
11.18 

n.'» 

21.99 
13.45 
19.92 

lasi 

36.45 
23.75 


Average,  twenty  seasons,  18.60  inches. 
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If  ear. 


1870-71 

1871-72 

1872-73 

1873-74 

1874-75 

187&-76 

187fr-77 

1877-78 

187^79 

1879-80 

1880-81 

1881-82 

1882-83 

1883-84 

1884-85 


July. 


Aug.    Sept.  Oct. 


1886-87... 
1887-88... 
1888-89... 
1889-90... 
1890-91... 
1891-92... 
1892-93... 
1893-94... 
1894-95... 
1895-96... 
1896-97... 
1897-98... 
1898-99... 
189^1900. 
1900-1901. 
1901-2. . . . 
1902-3.... 
1903-4.... 
1904-5.... 
1906-0. . . . 


aoo 

.00 
.00 
.00 
.00 
.00 
.00 
.00 
.07 
.11 
.00 
.00 
.00 
.19 
.00 
.00 
.00 
.11 
.00 
.17 
.13 
.00 
.00 
.20 
.00 
.00 
Tr. 
Tr. 
.00 
.00 
.34 
.00 
.01 
.00 
.00 
.00 


0.00 
^04 
.18 
1.06 
.00 
.00 
.00 
.00 
.00 
.02  I 
.00 
.00 
.00 
.00  I 
.00  > 
.00  , 
.00  { 
.04 

I  .00 ! 

.63 

I  2.16 

.91 

I    .00 
'    .00 

"     .16  I 
I    -00 
I    .17 
.00  , 
.00 
I   Tr. 

.00  I 
'  .27  I 
.00  I 
.15 
.14  I 
.00 


0.02 
.13 
.04 
.02 
.06 
.00 
.00 
.00 
.02 
.01 
.00 
.00 
.00 
.53 
.00 
.00 
.00 
.09 
.00 
.11 
.88 
.93 
.00 
.05 
.37 
.00 
.00 
.13 
.00 
.01 
.23 
.07 
.00 
.46 
.00 
.13 


Oct. 

Nov. 

0.09 

3.11 

.60 

.88 

.00 

1.17 

.01 

.74 

1.82 

1.88 

.00 

7.50 

.20 

.40 

.86 

.50 

.14 

.05 

.94 

3.40 

.14 

.67 

.80 

.27 

.10 

.15 

.85 

.09 

.00 

.11 

.39 

4.36 

.00 

.11 

1.17 

2.29 

.05 

4.12 

2.30 

2.23 

.58 

1.27 

Tr. 

Tr. 

.16 

1.02 

1.05 

.30 

.15 

.00 

.00 

1.14 

Dec. 


2.10  ' 
2.10 
.08  , 
.81 
.36 
1.09  ' 
.09 
.07  I 
.32 
.00 


.21 
.05 

1.47 

6.10 
.28 

1.94 
.00 
.00 

2.81 


089 

3.91 

'4.40 

5.73 

2.20 

.02 

.00 

3.95 

4.70 

6.50 

8.80 

.50 

.45 

2.63 

3.75 

1.20 

.61 

1.91 

4.64 

10  85 

3.02 

1.67 

2.23 

2.28 

7.25 

.66 

1.09 

.57 

.44 

.84 

.00 

.04 

1.94 

.00 

1.08 

.74 


Jan. 


6.91 

.00 
6.50 
5.51 
7.20 
6.55 
3.50 
3.33 
3.59 
1.56 
1.40 
1.11 
1.60 
1.63 
2.79 
6.34 

.39 
4.01 

.93 
5.44 

.00 
3.24 
4.53 
1.26 
7.39 
2.02 
3.40 
2.10 
2.03 

.92 
3.48 
1.65 
1.96 

.18 
3.92 
2.97 


Feb.    Mar. 


2.21 
2.20 
1.25 
8.76 

.15 
1.92 
4.03 
6.68 
1.00 
1.33 

.30 

2.65 

1.10 

12.20 

.11 
2.52 
6.44 
3.00 
1.50 
2.52 
7.78 
3.30 
3.37 

.88 
1.14 

.00 
5.40 

.GO 

.61 

.00 
4.68 
3.02 
1.67 
2.21 
6.58 
2.89 


019 
I    .37 

.51 
I  1.08 

.22 
3.41 

.83 
2.67 

.50 
1.45 
1.66 
3.30 
2.82 
9.95 

.28 
4.18 
4.41 
3.41 
6.55 

.89 

.06 
1.75 
8.00 
1.15 
3.44 
2.92 
3.41 

.97 
3.22 

.92 

.43 
3.89 
6.47 
5.34 
6.00 
8.00 


Apr.  I  May. 


June. 


034  ; 

.79  I 

.84 

.48 

.07 

.44 

.26 
1.71  I 
1.20  I 
5.00  1 

.46 
2.91 
2.95  , 
5.68 
1.89 
2.36 
1.90 

.58  1 
2.05  I 

.00  I 

.53 

.37  I 

.48  I 

.40 

.64 

.37 


OH 
.06 
.21  ' 

.42 ; 

.05  , 
.03 
.30  1 
.66 
.24 
.04 
.01 
.00  I 
.00 
3.17 
1.69  I 
.32 
.42 
.52  I 
1. 13 
.31 
1.67  , 
2.10  I 
.03 
.56 
.44  j 
1.00 
.11  ' 


O07 
.00 
.00 
.00 
.00 
.08 
.00 
.07 
.03 
.00 
.00 
.00 
.00 
.59 
.19 
.16 
.22 
.03 
.00 
.00 
.00 
.08 
.00 
.00 
.00 
.00 
.00 


Total. 


.48 

1.08 

.00 

.07 

.19  1 

.95 

1.96 

1.71  1 

.0*) 

.56 

1.23  I 

.05 

.57 

.12 

.15 

3.10 

.24  1 

.00 

.80 

.16 

.00 

1.18 

1.55  1 

.00 

1.16 

.96! 

.22 

13.94 

8.98 

16.10 

23.81 

13.65 

19.90 

9.52 

20.33 

11.54 

20.36 

13.50 

11.54 

9.17 

37.51 

10  81 

21.83 

14.50 

17.76 

20.97 

25.45 

18.08 

14.35 

19.82 

8.13 

20  96 

8.11 

10  74 

a  24 

7.49 

8.64 

17.36 

11.15 

17.42 

9.37 

20.78 

19.88 


Average,  thirty-six  seasons,  15.74  inches. 

The  San  Bernardino  and  Los  Angeles  records  are  the  longest  in 
this  part  of  the  State,  and  therefore  give  the  most  reliable  general 
averages;  but  since  Los  Angeles  is  near  the  southern  edge  of  the  foot- 
hill area,  and  San  Bernardino  about  an  equal  distance  from  the  moun- 
tains, these  records  probably  express  about  the  lowest  rainfall  within 
the  district  under  consideration.  The  record  at  Pasadena,  kept  by 
Mr.  Nelmes,  covers  a  period  of  twenty-three  seasons,  during  which 
the  average  precipitation  was  20.14  inches.  This  average  is  probably 
somewhat  higher  than  the  fmal  average  will  prove  to  be  when  that 
shall  have  been  determined  by  longer  records.  This  conclusion  is 
reached  from  an  inspection  of  the  records  at  Los  Angeles  and  San 
Bernardino,  where  the  average  for  the  last  twenty-three  seasons  is 
in  each  case  slightly  greater  than  the  average  for  the  full  period  of 
observations.  Similar  reasoning  indicates  that  the  twenty-year  aver- 
age of  18.60  inches,  now  available  for  Pomona,  is  slightly  below  the 
final  average  which  will  be  found  for  this  point.  Both  Pasadena  and 
Pomona,  however,  have  heavier  rainfall  than  Los  Angeles  and  San 
Bernardino,  since  they  lie  nearer  the  base  of  the  mountains ;  and  were 
records  available  from  points  on  the  slopes  and  at  or  near  the  sum- 
mits they  would  show  still  heavier  rainfall,  in  accordance  with  the 
well-established  fact  of  a  progressive  increase  of  precipitation  from 
the  mountain  bases  to  a  point  near  their  summits. 
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DEPENDENCE  OF  WATER  SUPPLIES  ON  RAINFALL. 

The  significance  of  the  annual  rainfall  to  the  irrigating  communi- 
ties lies  in  the  direct  and  immediate  dependence  on  it  of  the  surface 
run-off  from  each  of  the  mountain  drainage  basins  and  in  the  less 
immediate  hut  not  less  important  or  final  dependence  of  the  under- 
ground reservoirs  on  it  for  recharge. 

The  marked  contrast  between  the  summer  and  winter  run-oflf  fn)m 
the  mountain  canyons,  with  its  unfavorable  effect  on  irrigation  pos- 
sibilities and  on  the  n»charge  of  subterranean  reservoirs,  is  of  courst* 
due  primarily  to  the  division  of  the  year  into  two  seasons,  a  wet  ami 
a  dry,  with  strongly  contrasted  precipitation;  but  other  factors  also 
exert  a  pn)nounced  influence,  and  it  so  happens  that  nearly  all  of 
them  in  southern  California  are  unfavorable  to  uniformity  of  flow. 
Among  these  factors  are  the  length  and  character  of  drainage  lines, 
the  steepness  of  slopes  and  of  stream  channels,  the  character  of  the 
rocks  in  a  drainage  basin,  and  the  condition  of  the  forest  and  brush 
cover  over  the  slopes. 

Where  drainage  lines  are  short  and  direct  and  channels  are  straight 
instead  of  tortuous,  a  minimum  of  time  is  required  for  the  passage  of 
a  given  flood  wave  fn)m  the  headwaters  of  the  stream  to  its  mouth, 
and  so  there  is  but  a  limited  opportunity  for  the  absorption  of  water 
by  porous  rocks  and  debris  to  be  released  later  as  summer  flow. 

A  closely  related  factor  is  that  of  steep  slopes  and  stream  channels. 
The  pr(KH\ss  of  absorption  of  water  by  soil  and  rocks  is  a  slow  one  ami 
is  controlled  by  the  rate  of  percolation  thnmgh  the  soil,  away  from 
the  saturated  surface,  and  by  the  length  of  the  period  of  saturation. 
From  steep  slopes  and  stream  channels  of  high  gradient  the  water 
escapes  quickU',  so  there  is  but  little  opportunity  for  its  absorption. 
The  streams  of  the  San  Gabriel  Mountains  that  drain  into  the  foothill 
belt  have  relatively  short  and  direct  courses,  and  the  slopes  in  this 
mountain  range  and  the  grades  of  the  streams  are  especially  steep. 
Thcvse  conditions  result  in  extremely  rapid  run-off  in  heavy  floods  of 
very  short  duration. 

The  influence  exerted  by  the  type  of  rock  in  a  drainage  basin  is 
,also  most  marked  in  its  effect  on  the  character  of  the  run-off.  Loose 
sandstones  absorb  water  like  sponges,  to  yield  it  slowl}^  at  some  lower 
point,  perhaps  in  a  distant  drainage  basin.  Cavernous  limestones 
finay  offer  tortuous  underground  passages  through  which  water 
escapes  slowly.  But  dense  granitic  and  metamorphic  rocks  have 
little  absorptive  or  storage  capacity  unless  they  are  extensively  shat- 
tered, and  such  water  as  falls  upon  them  is  usually  shed  promptly. 
By  far  the  greater  part  of  the  San  Gabriel  Range  is  made  up  of  rocks 
of  these  nonabsorptive  types. 

Finally,  the  various  cover  growtlis  are  of  great  importance  in 
modifying  nm-off.     Trees  and  brush  act  in  many  ways  to  this  end. 
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They  hold  loose  fragments  of  rock  by  their  binding  root  systems,  so 
that  they  are  not  carried  down  to  the  stream  channels  so  soon.  The 
crevices  about  the  rock  fragments  which  are  thus  held  become  little 
storage  reservoirs.  The  trees  also  aid  in  making  these  crevices  by  the 
prying  action  of  their  roots  and  by  the  disintegrating  action  of  the 
vegetable  acids  which  are  yielded  by  their  decay.  The  various  growths 
build  up  a  porous  absorptive  soil  by  the  litter  which  they  shed  and 
the  rock  sand  which  becomes  enmeshed  in  their  roots,  and  they  protect 
the  soil  which  thus  accumulates  and  prevent  it  from  being  swept 
away.  Finalh",  they  interfere  directly  with  run-off  by  the  obstacles 
which  their  roots,  steins,  and  fallen  leaves  and  branches  offer  to  the 
flow  of  water  over  the  surface.  In  all  of  these  functions  the  imme- 
diate escape  of  rains  as  sudden  floods  is  checked,  and  their  absorption 
to  be  slowly  released  later  is  encouraged.  The  effect  of  forest  ai^d 
brush  cover,  then,  is  to  decrease  the  violence  of  winter  floods  and  to 
maintain  the  stream  flow  during  the  crucial  summer  irrigating  season. 
Forest  cover  throughout  the  San  Gabriel  Mountains  is  in  bad  condi- 
tion through  the  recurrence  of  destructive  fires  during  past  centuries. 
Systematic  efforts  are  now  being  made  by  the  United  States  Forest 
Service  and  by  the  State  forester  to  improve  these  conditions  by 
preserving  from  further  destruction  such  covered  areas  as  remain 
and  by  extending  timber  growth  through  tree  planting.  These 
efforts  are  for  the  benefit  of  the  southern  California  communities 
which  depend  on  the  water  supply  from  the  mountains,  and  are 
deserving  of  their  heartiest  support  and  most  earnest  cooperation. 

The  statement  has  frequently  been  made  that  the  underground 
waters  are  just  as  dependent  as  the  surface  run-off  on  precipitation 
within  the  local  contributing  drainage  basins,  but  the  tenacity  of  the 
oft-asserted  belief  that  these  subterranean  reservoirs  have  some  other 
source  than  local  rainfall  makes  it  desirable  to  repeat  this  statement 
with  emphasis.  Each  of  the  important  subterranean  basins  in 
southern  California  is  supplied  exclusively  by  the  water  which  falls 
upon  its  surface  or  flows  into  it  through  some  tributary  stream. 
Any  other  hypothesis,  as,  for  example,  that  waters  from  the  distant 
Sierra  or  Colorado  River  or  Pacific  Ocean  may,  by  underground 
channels  pv  by  seepage,  reach  the  San  Gabriel  Valley  or  the  Pomona 
neighborhood,  is  erroneous,  and  conclusions  based  on  it  are  wrong 
and  lead  to  a  false  policy  in  the  utilization  of  the  ground  waters. 

The  permanence  of  the  underground  reservoirs  as  sources  of  water 
supply  is  dependent  on  all  the  conditions  which  have  been  outlined 
as  affecting  surface  run-off,  because,  as  just  stated,  it  is  the  surface 
run-off  from  the  mountain  areas  which  must  be  i-elied  on  to  recharge 
these  reservoirs;  and,  in  addition,  whatever  makes  this  surface  run- 
off erratic — extremely  high  in  winter  and  extremely  low  in  summer — 
not  only  makes  it  less  effective  in  the  recharge  of  the  underground 
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basins,  but  increases  the  summer  drafts  on  them.  A  discouragingly 
lai^e  proportion  of  the  greater  floods  escapes  entirely  to  the  sea. 
These  floods  can  not  be  used  by  the  surface  systems,  and  they  pass 
over  the  gravels  of  the  valleys  too  rapidly  and  in  too  great  volume  to  be 
fully  absorbed,  and  so  are  largely  wasted.  It  is  obvious  that  what- 
ever will  reduce  the  violence  of  floods  will  lessen  the  total  loss  of 
waters  by  surface  flow  to  the  sea  and  will  make  more  effective  the 
restoration  of  ground-water  levels. 

These  levels  suffer  in  still  another  way  at  the  present  stage  of 
development  of  the  country,  by  the  concentration  of  the  run-off  in 
the  winter  months  and  its  reduction  to  a  low  point  during  the 
irrigating  season.  Since  the  discovery  in  the  nineties  that  large 
bodies  of  ground  water  were  available  for  irrigation,  there  has  been  a 
constant  tendency  to  extend  acreage  beyond  the  amount  which  can 
be  covered  by  the  summer  surface  run-off  and  to  make  up  the  defi- 
ciency during  that  period  by  pumping.  When  the  summer  flow  is 
especially  low  and  continues  low  for  a  long  period,  the  pumping 
season  is  greatly  extended  and  the  drafts  on  the  underground  basins 
are  proportionately  increased. 

To  sum  up:  The  available  quantity  of  ground  waters  is  adversely 
affected  by  whatever  tends  to  make  surface  flow  more  erratic.  This 
effect  is  brought  about  in  two  ways — first,  by  the  large  proportion  of 
waters  which  escape  wholly  when  winter  floods  are  violent;  and 
second,  by  the  greater  drafts  on  undei^round  sources  made  necessary 
when  summer  run-off  is  low. 

STORAGE  FACILITIES. 

The  canyons  in  the  San  Gabriel  mountain  range  are  too  narrow 
and  too  steep  for  storage  sites,  except  of  very  inferior  capacity  and 
excessively  high  unit  cost,  and  the  run-off  is  so  erratic  that  to  be 
effective  reservoirs  must  be  of  exceptional  capacity.  The  recorded 
flows  of  San  Gabriel  River  vary  between  a  minimum  of  3  second-feet 
and  a  maximum  of  11,130  second-feet;  and  the  total  estimated 
annual  discharge  since  systematic  records  have  been  kept  varies 
from  a  minimum  of  10,489  acre-feet  to  a  maximum  of  164,700  acre- 
feet.  These  minima  are  probably  nearly  absolute,  since  they  were 
obtained  during  the  seasons  of  lowest  rainfall  known  in  southern 
California;  but  greater  maxima  than  those  given  were  undoubtedly 
reached  during  the  season  of  1883-84,  when  the  precipitation  was 
nearly  twice  that  of  any  winter  since  the  stream  flow  has  been 
accurately  measured. 

With  such  widely  varying  annual  run-off,  reservoirs  capable  of 
storing  enough  water  to  supply  the  tributary  lands  during  two  seasons, 
at  least,  would  be  required  for  safety.  Such  reservoir  sites  do  not 
exist  in  the  San  Gabriel  Mountains. 
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MEIASURES  FOR  CONSERVATION   OF  WATERS. 

In  the  lack  of  surface  reservoirs,  such  minor  helpful  measures  as 
are  possible  must  be  taken  to  prevent  the  present  distressing  waste 
of  flood  waters.  Restoration  of  forest  and  brush  cover  is  one  of  the 
most  effective  of  these,  although  it  accomplishes  results  but  slowly. 
Gradually  through  reforestation  summer  flow  should  be  increased 
and  the  volume  and  suddenness  of  winter  floods  somewhat  lessened. 
Another  measure  which  is  practiced  in  a  small  way  is  the  spreading 
of  flood  waters  over  the  sand  and  gravel  areas  about  the  canyon 
mouths,  so  that  they  may  be  more  fully  absorbed  and  thus  may 
increase  the  ground-water  supply. 

With  certain  important  modifications,  the  simple  principle  that 
the  quantity  of  water  absorbed  varies  with  the  area  of  the  flooded 
surface  and  with  the  time  that  it  is  covered  is  the  basis  of  this  work. 
If  the  character  of  a  given  flood  channel  can  be  so  altered  that  the 
water  in  its  escape  covers  twice  the  normal  area,  the  amount  absorbed 
will  be  increased  twofold;  and  if  the  flow  can  be  checked  so  that  twice 
the  normal  time  is  required  for  the  passage  of  the  water  between  two 
points,  absorption  is  again  increased  twofold.  These  are  general 
terms,  of  course,  and  would  be  strictly  true  only  if  the  flood  waters 
were  clear  and  if  drainage  from  the  flood  channel  were  so  free  that 
the  water  could  always  escape  as  fast  as  it  is  absorbed.  Neither  of 
these  conditions  holds.  Early  flood  waters  are  filled  with  fine 
suspended  matter  which  is  deposited  as  the  water  seeps  into  the  river 
bed,  and  which  soon  forms  a  coating  of  but  slightly  permeable  slime 
that  tends  to  prevent  absorption.  Toward  the  end  of  a  flood  stage, 
when  the  water  is  clear,  this  slime  is  washed  away  and  absorption 
becomes  more  effective. 

In  those  parts  of  the  flood-water  channel  which  lie  at  some  distance 
from  the  base  of  the  mountains,  where  the  ground-water  plane  is  near 
the  surface,  rapid  absorption  in  the  stream  channel  quickly  raises  the 
ground-water  plane  locally,  so  that  the  stream  is  then  flowing,  as  it 
were,  upon  a  saturation  ridge,  and  further  absorption  can  take  place 
only  as  rapidly  as  the  waters  can  percolate  away  from  this  ridge. 
The  practical  result  of  this  principle  is  that  the  first  part  of  a  flood  is 
more  effectively  absorbed  than  the  latter  part,  and  the  first  floods 
at  the  beginning  of  a  rainy  season  are  more  effectively  absorbed  than 
those  which  come  later  in  the  winter. 

These  are  important  practical  modifications  of  the  rule  that  absorp- 
tion varies  with  absorptive  area  and  time.  In  the  application  of  this 
rule,  flood  waters  are  distributed  over  as  large  areas  as  possible  near 
the  heads  of  the  alluvial  fans,  and  the  rate  of  their  flow  is  checked  as 
much  as  possible.  The  most  effective  work  of  this  character  that 
has  been  done  thus  far  in  southern  California  is  that  by  the  Riverside 
companies  in  Santa  Ana  Wash  above  San  Bernardino.     Here  for 
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some  yeans  niinor  floods  have  been  checked  by  temporary  dams,  and 
the  water  has  been  distributed  m  a  small  way  over  the  sands  of  the 
river  washy  with  what  the  engineers  in  chaise  regard  as  excellent 
residUs.  Similar  work  on  a  less  extensive  scale  has  been  done  bv  the 
Ontario  companies  on  the  Cucamonga  fan  and  in  the  lower  canyon 
of  San  Antonio  Creek.  The  great  difficulty  in  work  of  this  kind  is 
to  unite  the  interests  to  be  benefited,  so  that  they  will  support  a  work 
whose  results  are  not  easy  to  demonstrate.  But  as  water  become? 
more  valuable  in  southern  California,  and  as  the  direct  dependence 
of  the  underground  reservoirs  on  recharge  during  the  rainy  s^it>on 
becomes  more  clearly  understood,  it  will  be  less  difficult  to  unite 
these  interests  in  a  concerted  movement  to  aid  in  the  necessan 
engineering  work. 

ABSORPTIVE  CAPACITY  OF  8ANBS. 

The  absorptive  capacity  of  the  sands  and  gravels  of  varying  coarse- 
ness in  the  different  portions  of  an  alluvial  fan  is  a  subject  of  debate, 
and  the  general  opinion  among  engineers  seems  to  be  that  absorption 
takes  place  most  effectively  and  readily  in  the  sands  which  cxrur 
in  the  lower  part  of  the  stream  channel.  Wlien  the  size  of  the  i^oil 
particles  remains  uniform,  the  transmission  capacity  of  a  mass  in- 
creases with  the  square  of  the  diameter  of  the  individual  particles. 
The  size  of  the  pores,  although  not  the  percentage  of  the  open  space, 
increases,  and  the  effect  of  friction  is  greatly  reduced  with  this  in- 
crease. Percolation  thus  approaches  flow  as  the  sand  or  soil  particles 
become  larger  and  larger.  In  nature,  however,  sands  rarely  consLst 
of  particles  of  uniform  size.  They  are  usually  heterogeneous  mix- 
tures, and  their  transmission  capacity  can  be  determined  only  by 
measurement.  The  effect  of  mixing  particles  of  a  larger  size  with 
a  imiform  sand  is  thus  summarized  by  Slichter:'' 

If  to  a  mass  of  nearly  uniform  sand  particles  larger  particles  be  added,  the  effect 
on  the  resistance  to  the  flow  of  water  will  be  one  of  two  kinds,  depending  principoily 
upon  the  ratio  which  the  size  of  the  particles  added  bears  to  the  average  size  of  the 
grains  in  the  original  sand.  If  the  particles  added  are  only  slightly  larger  than  the 
original  sand  grains,  the  effect  is  to  increase  the  capacity  of  the  sand  to  iranMai: 
water,  and  the  more  particles  of  this  kind  that  are  added  the  greater  will  be  the  inrrea* 
in  this  capacity.  ...  If.  however,  large  particles  are  added,  the  effect  is  the 
reverse.  If  particles  seven  to  ten  times  the  diameter  of  the  original  aand  grains  V-e 
added,  each  of  the  new  particles  tends  to  block  the  course  of  tlie  water.  Thus.  i»»r 
example,  a  large  bowlder  placed  In  a  mass  of  fine  sand  will  tend  to  block  the  paaa^' 
of  the  water.  As  more  and  more  of  the  large  particles  are  added  to  a  mass  of  uniuini- 
sand,  the  rate  of  flow  of  water  through  it  wifl  be  decreased  until  the  amount  of  \y 
large  particles  equals  about  30  per  cent  of  the  total  mass.  From  this  time  on  ihe 
atlding  of  the  large  particles  ^1  increase  the  capacity  of  the  whole  to  transmit  water, 
until,  if  a  ver>'  large  quantity  of  the  lai^  particles  he  added,,  so  that  the  original 
mass  of  fine  particles  becomes  relatively  negligible,  the  capacity  to  transmit  »in 

a  SUchter,  C.  S.,  Water-Sup.  and  Irr.  Paper  No.  140,  U.  S-  OeoL  Survey,  1905^  pp.  10-U. 
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approach  that  of  the  mass  of  the  large  particles  alone.  These  facts  have  an  important 
bearing  upon  the  capacity  of  gravels  to  furnish  water  to  wells  or  to  transmit  water 
in  the  underflow  of  a  river.  The  presence  of  large  particles  is  not  necessarily  to  be 
interpreted  as  indicating  a  high  transmission  capacity  of  the  material,  for  this  is 
indicated  only  when  the  large  particles  constitute  a  large  fractional  per  cent  of  the 
total  mass,  as  would  be  the  case  where  the  large  particles  equal  40  or  50  per  cent  of 
the  whole. 

In  an  earlier  paper**  Slichter  gives  an  interesting  table  showing 
the  rate  of  percolation  through  transmitting  media  of  different  sizes 
under  fixed  conditions.  From  this  table  the  following  is  adapted. 
A  Uniform  size  of  grain,  a  standard  porosity  of  32  per  cent,  and  a 
temperature  of  50^  F.  are  assumed  in  each  case. 

Rale  of  percolation  of  water  through  different  kinds  of  soil. 


Kind  of  soil. 

Velocity  with 
Diameter  of  a  gradient  of 
soil  grains.      100  feet  per 

]         mile. 

Silt 

Inch.        1  Fret  pe  r  yea  r. 
0.0012  1                     12 

Vpry  flne  naiid .  .   , 

.0Q2S  '                   m 

Fine  sand . 

.006                        •^104 

MedluTn  pand . .    ,   , 

.014 

.03 

.12 

1,650 

rviarse  WTid 

7,577 

Fine  gravel - 

121,229 

When  the  soils  are  of  uniform  grain,  therefore,  the  rate  of  perco- 
lation increases  as  the  square  6t  the  diameter  of  the  soil  particles 
and  the  amount  of  water  transmitted  increases  in  the  same  ratio. 
Coarse  material  is  therefore  very  much  more  effective  than  fine  as 
a  transmitting  medium,  when  the  sizes  are  not  mixed.  In  alluvial 
fans,  however,  there  is  always  mingling  of  coarse  and  fine  material, 
but  the  average  and  probably  the  effective  size  of  grain  is  usually 
much  greater  at  the  head  of  a  fan  than  near  its  margins,  and  the 
transmission  capacity  is  therefore  believed  to  be  greater  near  the 
head.  To  take_ advantage  of  this  condition,  distribution  of  flood 
waters  should  be  effected  at  as  high  a  point  on  an  alluvial  fan  as  is 
practicable,  because  absorption  will  be  much  more  rapid  at  such  a 
point.  In  some  places  it  may  be  that  the  rough,  bowldery  condi- 
tion of  the  "head  of  the  fan  and  the  steep  grades  which  exist  there 
will  counteract  the  advantages,  and  as  a  practical  measure  it  will 
be  advisable  to  effect  the  distribution  at  a  lower  point ;  or  bed  rock 
may  lie  near  the  surface,  as  in  the  Mill  Creek  fan  and  {)erhaps  that  of 
the  Santa  Ana  in  San  Bernardino  Valley,  practically  preventing  rapid 
absorption.  Where  such  conditions  exist  it  is  of  course  necessary 
to  build  the  distributing  works  at  lower  points.  So  far  as  is  known, 
however,  bed  rock  does  not  lie  near  enough  to  the  surface  under  the 
fans  of  the  foothill  belt  to  have  an  unfavorable  effect.     Steep  grades 

a  Slichter,  C.  S.,  Water-Sup.  and  Irr.  Paper  No.  67,  U.  S.  Oeol.  Survey,  1902,  p.  27. 
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and  rough  ground  for  constructing  distributing  canals  are  the  only 
a<lverse  elements  to  \\e  considered  here. 

ABSORPTION   EvSTIMATES. 

The  rate  and  the  total  amount  of  the  recharge  of  the  subterranean 
basins  thnmgh  the  absorption  of  flood  waters  are  exceptionally  dillr 
cult  to  determine,  because  accurate  measiu^ments  of  floods  are  almi^t 
impossible  to  make  on  account  of  the  steep  grades  and  the  indefinite 
channels  that  exist  across  the  alluvial  fans.  But  few  data  are  avail- 
able on  the  subject,  and  while  theoretical  considerations  give  indica- 
tions as  to  what  is  happening,  they  can  not  generally  be  supported  l>v 
figures. 

In  southern  California  one  set  of  absorption  measurements  wd> 
made  on  two  minor  floods  in  the  spring  of  1903  by  W.  B.  Clapp; 
hydrographer,  of  the  Ignited  States  Geological  Survey,  and  while  Mr. 
Clap|)  <loes  not  regard  his  measurements  as  satisfactory,  because  of  the 
small  force  and  the  limited  time  at  his  disposal  and  the  inherent 
difliculties  of  the  work,  they  yet  give  certain  concrete  conceptions  of 
what  takes  place  during  the  flood  periods. 

During  the  twenty-four  hours  of  April  26,  1903,  San  Gabriel,  San 
Dimas,  Dalton,  Santa  Anita,  and  Eaton  canyons  discharged  757  acre- 
feet  of  undiverted  waters  into  the  San  Gabriel  basin,  454  acre-feet  of 
which  passed  the  bridge  at  Elmonte  and  was  lost,  while  the  remainder. 
303  acre-feet,  was  absorbed  by  the  gravels  and  joined  the  body  of 
underground  waters  in  the  basin.  On  May  23  of  that  year  the  same 
streams  discharged  225  acre-feet  of  undiverted  waters,  and  all  of  this 
except  the  small  amount  lost  through  evaporation  was  absorbed,  none 
passing  the  Elmonte  bridge.  During  the  two  periods  of  measurement 
water  was  being  returned  to  the  San  Gabriel  Valley  undergroxmd  res- 
ervoir at  the  rate  of  153  and  113  cubic  feet  per  second. 

These  measurements  were  not  made  during  the  period  of  highest 
water.  A  flood  with  a  discharge  of  about  1,220  second-feet  occurred 
on  April  17,  nine  days  before  the  first  measurement,  and  the  flow  in 
the  San  Gabriel  slowly  diminished  from  that  time  until  long  after  the 
date  of  the  second  measurement.  ^ 

Inasmuch  as  no  calculation  has  been  made  of  the  diverted  water 
used  in  irrigation,  which  in  the  San  Gabriel  systems  was  from  20  to  T^t 
second-feet  throughout  the  year,  and  a  part  of  which  was  absorlKni 
and  returned  to  the  ground  waters,  nor  of  the  greater  absorption  din- 
ing the  heavier  floods,  nor  of  the  rainfall  over  the  San  Gabriel  Valley, 
wliich  sinks  directly  as  it  falls  and  does  not  appear  as  run-off,  nor  of 
the  hundreds  of  minor  unmeasured  rills  which  enter  the  basin  durimr 
storms,  perhaps  one  or  the  other  of  the  figures  given  above  may  be  not 
far  from  the  average  annual  rate  of  recharge.     Some  slight  additional 

a  Hoyt,  John  C,  Water-Sup.  lind  Irr.  Paper  No.  100,  U.  S.  Qeol.  Sorrey,  1904,  pp.  339et  f«q. 
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"weight  is  given  to  this  assumption  from  the  fact  that  the  San  Gabriel 
How  at  the  time  of  the  last  measurement  was  167  second-feet,  which  is 
Tiot  far  from  the  annual  mean  of  148  second-feet  for  1903.  ' 

In  the  Paso  de  Bartolo,  San  Gabriel  Valley  ground  waters  rise  in 
springs  at  the  rate  of  65  to  85  second-feet  during  the  irrigating  season. 
In  addition,  a  considerable  amount  of  water  must  pass  into  the  air 
from  the  moist  lands  above  the  pass,  by  evaporation.     This  is  ground 
Avater  which  is  brought  to  the  surface  by  capillarity  and  there  evapo- 
rated, wherever  the  ground-water  plane  lies  within  a  few  feet  of  the 
earth  surface.     In  addition,  a  certain  amount  of  ground  water  escapes 
through  the  Paso  de  Bartolo  as  underflow  without  reaching  the  sur- 
face at  all,     Slichter,^  using  rather  meager  data,  has  estimated  the 
amount  of  this  imderflow  at  92  second-feet.     This,  added  to  75  second- 
feet  assumed  as  a  mean  of  the  spring  waters,  gives  167  second-feet  of 
escaping  ground  waters,  without  reckoning  evaporation  or  waters 
pumped  for  irrigation.     These  escaping  waters  must  be  about  equal  to 
the  average  annual  recharge.     It  seems  likely,  then,  from  this  consid- 
eration of  the  broad  probabilities  in  the  case,  that  a  recharge  of  the  San 
Gabriel  Valley  underground  reservoirs  takes  place  at  a  rate  equal  to  a 
continuous  flow  ranging  between  100  and  200  second-feet,  and  that,  of 
course,  drainage  is  affected  at  an  equal  average  rate. 

CHARACTER  AND   CONDITION  OF  SUBTERRANEAN 
RESERVOIRS. 

The  origin  of  the  great  reservoirs  which  are  now  so  extensively 
drawn  on  in  irrigation  has  been  discussed  in  general  terms  in  the 
section  on  physiography  (pp.  13-18),  but  a  r6sum6  is  introduced  here 
preUminary  to  a  more  minute  treatnicnt  of  water  levels.  These 
reservoirs  are  irregular  rock  basins,  due  to  the  warping  of  the  earth's 
crust  as  a  result  of  those  stresses  to  which  it  is  continually  subject. 
The  Pacific  coast  region  of  the  United  States  has  of  late  been  espe- 
cially affected  by  such  stresses,  and  its  mountains  and  valleys  are 
to  a  great  extent  due  to  them.  The  great  interior  valley  of  San 
Joaquin  and  Sacramento  rivers  is  the  most  impressive  example  of  a 
deep  and  extensive  basin  formed  in  this  way,  and  the  Sierra  Nevada 
east  of  it  is  equally  impressive  as  an  example  of  a  mountain  range 
whose  origin  is  to  be  sought  in  crustal  movement.  Earth  stresses 
in  the  vicinity  of  the  valley  of  southern  California  clearly  have  been 
most  complex,  resulting  structures  are  irregular,  and  the  final  prod- 
uct has  been  a  number  of  distinct  rock  basins  irregular  in  trend  and 
outline,  each  of  which  is  an  underground  reservoir  more  or  less 
extensively  drawn  on  for  irrigating  waters.  Among  the  more 
important  and  best  known  of  these  basins  are  the  San  Bernardino 
Valley,   the  San  Jacinto  Valley,    the   Cucamonga  Plains,    the  San 

a  SUchter,  C.  S.,  Watei^Sup.  and  Irr.  Paper  No.  140,  U.  S.  Geol.  Survey,  1905,  p.  64. 
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Gabriel  Valley,  the  coastal  plain,  and  the  San  Fernando  VaHey. 
All  of  these  are  distinct,  each  has  its  own  water  supply,  and  the 
ground  waters  of  each  are  used  for  irrigation,  either  within  the  basin 
or  on  accessible  lands  outside  it. 

Each  of  these  rock-floored  and  rock-rimmed  reservoirs  is  filled 
with  loose  material,  sand,  gravel,  or  clay,  which  has  been  eroded 
from  the  mountains  as  they  rose  and  carried  by  the  streams  to  the 
basins  as  they  sank.  This  filling  has  been  distributed  over  the  basins 
in  a  rather  even  way,  so  that  the  present  surface  of  each  of  them  is 
a  plain,  usually  with  a  gentle  slope  away  from  the  mountains,  the 
source  of  the  material. 

THE   GIiACIAIi  HYPOTHESIS. 

Inasmuch  as  there  is  a  rather  widely  prevalent  idea  in  southern 
California — an  idea  which  has  been  frequently  presented  in  suits 
at  law — to  the  effect  that  these  sands,  clays,  and  gravels  are  glacial 
in  origin,  it  is  perhaps  worth  while  to  present  here  the  facts  which 
make  such  a  hypothesis  untenable. 

Students  of  glaciated  regions  have  come  to  recognize  certain  phe- 
nomena as  characteristic  of  ice-molded  areas.  Some  or  all  of  these 
evidences  are  invariably  present  where  ice  in  glacial  form  has  cov- 
ered a  region.  Their  complete  absence  in  southern  California  leads 
at  once  to  the  setting  aside  of  this  theory. 

Extensive  glaciation  in  mountain  valleys  molds  them  into  (J  form, 
cuts  cirques  at  their  heads,  scars  their  walls  and  bottoms  with  stride, 
and  leaves  moraines  along  their  slopes  and  out  on  the  plains  beyond 
the  mountains  where  the  ice  streams  ended.  None  of  these  evidences 
are  found  in  the  valleys  of  the  San  Gabriel  Moimtains. 

Ice  flowing  over  mountain  uplands  or  relatively  smooth  rock- 
floorecl  plains  shears  off  all  rock  protuberances,  polishes  the  project- 
ing surfaces  into  roches  moutonn6es,  sweeps  away  rock-disintegra- 
tion products,  gouges  out  basins,  which  may  later  become  lakes, 
and  leaves  in  its  retreat  erratic  bowlders  that  may  have  been  carried 
across  divides  from  distant  sources.  The  San  Gabriel  Mountains, 
instead  of  exhibiting  these  phenomena,  have  many  projecting  rock 
pinnacles,  are  covered  with  the  detritus  of  rock  decay,  are  free  from 
rock  basins  and  lakes,  and  have  only  bowlders  of  disint^ration  scat- 
tered over  them. 

If  glaciers  ride  out  upon  the  plains  in  front  of  the  mountains  in 
which  they  originate,  they  leave  irregular  heaps  of  unsorted  rubble, 
angular  bowlders,  a  hummocky  topography,  and  deposits  of  till,  a 
compact  clay  containing  scattering  glaciated  rock  fragments.  The 
plains  at  the  base  of  the  San  Gabriel  Range  are  clearly  unlike  this. 
They  are  a  series  of  tvpically  developed  alluvial  fans;  graded  as 
stream-laid   deposits   always   are,  with  waterwom  but  unstriated 
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bowlders,  progressively  finer  as  the  distance  from  the  mountains 
increases,  and  free  from  lakes  or  xuidrained  depressions.     There  is 
no  evidence  whatever  of  glacial  action  in  the  material  of  which  they 
are  built  up  nor  in  its  arrangement.     Water  has  been  the  agent  by 
^vhich  this  material  has  been  transported  from  its  original  position 
in  the  mountains  to  its  present  resting  place  in  the  basins,  and  in 
consequence   the   sands   and  gravels   have   always   been   saturated 
below  a  point  where  they  could  drain  freely.     This  saturating  water 
is  in  constant  slow  motion  from  the  point  where  it  enters  the  gravels, 
along  some  stream  channel  or  at  the  mouth  of  a  mountain  canyon, 
to  the  point  where  it  escapes  from  the  basin  over  the  lowest  part  of 
its  rim.     Its  movements  are  impeded  by  the  friction  which  it  en- 
counters in  its  passage  through  the  fine  pores,  so  that  its  surface  is 
not  level  like  that  of  a  free  body  of  water,  a  lake,  or  a  sea,  but  slopes 
from  the  point  of  supply  to  the  point  of  drainage.     When  supply  is 
increased  the  slope  is  steepened  by  raising  the  surface  of  saturation 
at  the  point  of  intake.     When  supply  is  decreased  by  a  lessened  rain- 
fall, the  slope  of  the  surface  of  saturation  becomes  flatter  and  the 
ground-water  level  falls,  the  lowering  being  more  marked  at  a  dis- 
tance from  the  point  at  which  the  basin  drains;  for  since  this  latter 
point  controls  the  escape  of  water  in  the  basin,  its  level  remains 
practically  constant. 

CHARACTER    OF    THE    ROCK    FLOOR    OF    THE    FILiLED 

AREAS. 

The  surface  of  basins  like  the  San  Gabriel  Valley  or  that  east  of 
the  San  Jose  Hills  is  invariably  a  sloping  plain,  steeper  near  the 
mountains,  more  nearly  level  at  greater  distances  from  them,  and 
varied  only  by  minor  knobs  or  local  changes  of  slope.  Red  and 
Indian  hills  rise  above  the  Cucamonga  Plains;  a  number  of  bed-rock 
knobs  in  the  neighborhood  of  San  Dimas  and  Glendora  project  above 
the  plain  of  waterworn  material  which  lies  between  the  San  Jose 
Hills  and  the  San  Gabriel  Mountains;  San  Dimas  Wash,  itself  a  late 
sand  and  gravel  filling,  lies  between  bluffs  of  older  alluvium;  the 
Raymond  Hill  ''dike,''  which  extends  from  Pasadena  to  a  point 
beyond  Santa  Anita,  is  marked  for  much  of  the  distance  by  an  abrupt 
change  of  slope  and  in  places  by  distinct  knobs;  and  here  and  there 
at  other  points  near  the  edges  of  the  plain  bed-rock  knobs  of  shale 
or  of  gneiss  rise  above  the  general  valley  level.  These  projections 
are  sufficient  only  to  indicate  the  irregularity  of  the  valley  bottom; 
they  do  not  enable  us  to  restore  the  details  of  the  irregularities. 
Well  records  generally  do  not  indicate  that  bed  rock  has  been  reached 
in  the  borings,  the  wells  usually  being  too  shallow  to  accompUsh  this 
result.     The  deepest  within  the  San  Gabriel  Valley — one  drilled  by 
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FiG.  1.— Section  of 
well  north  of  Woy- 
den  (No.  204,  Pasa- 
dena quadrangle) . 


the  East  Wliittier  Company  (fig.  1),  north  of  Wojden 
station  on  the  Southern  Pacific  Railroad — is  1 ,260  feet 
deep,  and  no  bed  rock  was  encountered,  although  th*^ 
bottom  of  the  well  is  almost  1,000  feet  below  set 
level.  Among  the  wells  in  the  vicinity  of  Pomona  of 
which  records  have  been  obtained  are  a  number  be- 
tween 500  and  1,000  feet  deep.  One  of  the  deep 
wells  of  the  Irrigation  Company  of  Pomona,  situateii 
in  the  old  Palomares  ci6naga,  about  three-fourths 
of  a  mile  northeast  of  the  point  of  the  San  Jose 
Hills,  reached  bed  rock  at  a  depth  of  about  80<) 
feet.  It  was  drilled  150  feet  lower,  but  of  course 
no  water  was  developed  in  the  deeper  formation.  Bed 
rock  in  this  well  is  about  150  feet  above  sea  level, 
as  the  surface  of  the  plain  here  is  about  950  feet 
above. 

The  Lorbeer  well,  1  mile  northwest  of  Chino,  is  973 
feet  deep  and  extends  nearly  200  feet  below  sea  level 
without  striking  bed  rock.  The  lower  500  feet  of 
clays,  many  of  them  red  and  of  cemented  gravel, 
were  dry  and  yielded  no  water.  These  strata  appear 
to  belong  to  the  earlier  alluviiun  rather  than  to  the 
later,  more  effective  water-bearing  gravel  series. 

Half  a  mile  southwest  of  this,  a  well  belonging  to 
Black  Brothers  &  Woodhead  is  718  feet  deep  and 
extends  to  within  25  feet  of  sea  level.  An  incomplete 
record  of  this  well  fails  to  show  the  presence  of  strata 
older  than  the  modern  alluvium. 

Some  other  wells  near  bed-rock  hills  strike  the 
buried  slopes  of  these  hills,  but  generally  those  out 
in  the  plains  and  valleys  penetrate  only  loose  sands, 
gravels,  and  clays. 

It  may  be  accepted  as  true  that  the  bed-rock  bot- 
toms of  the  valleys  whose  topographic  details  are 
concealed  by  the  mantle  of  wash  which  forms  the 
Cucamonga  Plains  and  the  San  Gabriel  Valley  are 
irregular,  just  as  the  topography  of  those  bed-rock 
areas  which  extend  above  the  wash  as  hills  is  irreg- 
ular. The  rock  basement  beneath  the  San  Gabriel 
Valley  is  presumably  not  unlike  the  hill  r^on  be- 
tween Los  Angeles  and  Pasadena  in  character. 

An  attempt  to  estimate  the  elevation  of  bed  rock  in 
the  deepest  part  of  the  SanGabriel  Valley  is  interesting 
but  speculative.  Since  it  is  a  valley  of  deformation, 
not  one  of  erosion,  a  consideration  of  stream  grades 
throws  no  Ught  on  the  problem.     A  projection  of  the 
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mountain  slopes  on  the  north  and  south  of  the  valley  to  some  assumed 
point  of  greatest  depth  probably  gives  a  maximum  measure,  since 
it  is  quite  unlikely  that  the  steep  slopes  of  the  unburied  portion  of 
the  surrounding  mountains  are  maintained  for  greater  distances 
beneath  the  cover  of  wash  than  above  it.  Such  a  rude  estimate 
gives  4,000  feet  below  sea  level  as  a  possible  depth  of  the  bottom  of 
the  San  Gabriel  basin  2  or  3  miles  south  of  Monrovia.  It  is  likely 
to  be  less  than  this.  The  deepest  well  in  the  basin  is  that  owned 
by  the  East  Whittier  Land  and  Water  Company.  This  well  is  just 
west  of  San  Gabriel  Wash  and  about  one-fourth  mile  north  of  the 
main  Une  of  the  Southern  Pacific.  No  bed  rock  was  encountered  in 
it  at  a  depth  of  1,260  feet,  or  nearly  1,000  feet  below  sea  level. 

The  Cucamonga  Plains  east  of  the  San  Jose  Hills  represent  a  more 
extended  area  than  the  San  Gabriel  Valley,  and  bed  rock  may  be 
buried  to  a  considerably  greater  depth  beneath  them.  Wells  in  this 
area  whose  records  have  already  been  quoted  extend  to  points  well 
below  sea  level  without  encountering  rock,  but  the  outcropping  Red 
Hills  and  Indian  Hills,  the  barriers  to  which  are  due  the  old  Martin 
and  Del  Monte  ci6nagas,  the  dry  red  clays  and  cements  encountered 
in  some  of  the  deep  wells  between  Pomona  and  Chino,  and  the  traces 
of  earlier  allu^dum  which  flank  the  west  end  of  the  Jurupa  Mountains 
on  the  north,  indicate  that  this  formation  may  be  of  considerable 
importance  under  at  least  the  western  portion  of  the  Cucamonga 
Plains.  Beneath  the  northeastern  part  of  these  plains,  where  the 
alluvial  fans  are  so  steep  and  high,  water  is  at  too  great  a  depth  to 
be  accessible,  the  underground  conditions  are  little  known  and  of 
little  interest,  and  the  depth  to  the  bottom  of  the  basin  is  purely  a 
matter  of  conjecture.  It  has  been  estimated «  that  the  San  Ber- 
nardino basin  may  be  3,000  feet  deep,  or  thereabouts.  It  seems 
unlikely,  from  the  general  evidence  which  has  just  been  given,  that 
the  San  Gabriel  basin  is  more  than  4,000  feet  deep,  and  it  may  be 
less  than  this.  The  Cucamonga  Plains  area  may  overlie  a  bed-rock 
basin  that  is  somewhat  more  deeply  buried  than  either. 

GROUND-WATER  DISTRICTS. 

Within  the  footliill  belt  the  development  of  ground  waters  has  been 
most  intense  in  certain  districts  where  experience  has  proved  it  to  be 
most  accessible  and  present  in  greatest  amount,  or  where,  despite  the 
rather  high  cost  of  production,  the  crops  raised  by  its  use  are  valuable 
enough  to  bear  easily  the  expense  of  pumping  against  high  lifts.  It 
is  intended  to  present  in  the  following  paragraphs  the  essential  facts, 
so  far  as  they  are  known,  as  to  the  occurrence  of  the  waters  in  each 
of  these  areas. 

a  Water-Sup.  and  Irr.  Paper  No.  142,  U.  S.  Geol.  Survey,  1905,  p.  31. 
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The  **Re<l  Hills/'  so  called,  lie  about  2  miles  northeast  of  North 
Ontario  and  nearly  4  miles  south  of  the  base  of  the  San  Gabriel  Range. 
As  a  physical  feature  they  form  a  nearly  flat-topped  mesa,  which 
interrupts  the  general  slope  of  this  part  of  the  Cucamonga  Hains. 


Pio.  2.-  -IM«Krainnwtic  Miction  through  the  Red  UUIs;  a  gruiitie  rocks;  6,  r,  eaiiier  and  bter  alhiTiiiJc 
aod  hypothetical  boandary  beiwepn  them. 

Appmached  from  the  north  the  mesa  appears  only  as  a  lessening  of 
the  slope,  but  its  southern  edge  is  a  scarp  50  to  150  feet  high.  The 
liiils  are  made  up  of  a  deposit  of  the  earlier  red  alluvium  which  h&? 
hero  escaped  the  destruction  of  the  older  topography  by  erosion  during 


Feet   zoo  ioo  eSo  ooo  iooo         iioo         mJoo        iftbo laoo  ^_   woo     Ew 


Fig.  3.  -  Section  along  line  of  the  Eddy  or  Cucamonga  tunnel. 

the  deposition  of  the  later  alluvium.  The  low  mound  therefore  rep- 
resents the  top  of  a  hill  of  red  clay,  sand,  and  gravel,  whose  s1o}h»s 
arc  deeply  buried  under  modem  wash  (fig.  2).  Indian  Hill  represent'^ 
a  similar  outcroj),  and  the  same  red-clay  formation  is  reported  to  shov 
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bet^ween  these  two  points.  The  Martin  and  Del  Monte  ci^nagas  are 
likewise  probably  due  to  buried  hills  of  this  older  deposit  which 
approach  near  to  the  surface.  Its  distribution  beneath  the  modem 
gray  alluvium  therefore  appears  to  be  extensive. 

This  buried  earlier  alluvium  affects  the  occurrence  of  underground 
waters  in  two  ways.     In  the  first  place,  where  the  hills  of  the  older, 
I  concealed  topography  lie  athwart  a  line  of  under- 
ground circulation  through  the  later  alluvium,  they 
serve  as  a  dike  or  underground  dam,  forcing  the 
waters  which  are  percolating  through  the  overlying 
gravels  to  or  near  to  the  surface,  where  they  flow 
out  in  springs  or  are  easily  developed  by  wells.     Or 
again,  where  the  older  alluvium  lies  near  the  sur- 
face the  waters  which  circulate  through  it  may  be 
brought  within  reach  of  development.     As  the  older 
alluvium  has  been   folded   in   some   localities  by 
crustal  disturbances  which  have  taken  place  since 
its  deposition,  it  may  be  that  where  it  projects  above 
the  general  plains  surface  it  has  been  brought  to  this 
position  by  folding.    The  section  of  the  Eddy  tunnel 
through  the  base  of  the  Red  Hills  near  their  west- 
ern margin  (fig.  3)  seems  to  show  a  dip  of  the  beds 
toward  the  north.     It  is  probable,  therefore,  that 
this  body  of  older  alluvium  stands  above  the  general 
plain  because  it  has  been  brought  up  along  or  near 
the  axis  of  such  an  arch.     Some  of  the  waters  which 
are  percolating  through  it  southward  from  the  base 
of  the  San  Gabriel  Mountains  will  be  brought  to  the 
surface  at  this  point  and  will  issue  as  springs,  or 
where  their  volume  is  not  great  enough  to  force 
them  out  as  springs,  they  will  at  least  be  brought 
near  enough  to  the  surface  to  be  accessible  and 
may  be  developed  by  pumps. 

As  a  matter  of  fact,  the  vicinity  of  the  Red  Hills 
has  been  a  source  of  irrigation  water  since  the  settle- 
ment of  this  part  of  southern  California.  Originally 
the  waters  utilized  rose  to  the  surface,  principally 
in  the  "East''  and  "West''  ci6nagas.  The  West 
ci^naga  lay  along  the  west  base  of  the  Red  Hills  and 
the  East  ci^naga  in  a  ravine  wliich  drains  south- 
ward from  a  point  east  of  the  highest  part  of  the  mesa,  but  near  the 
center  of  the  outcrop  of  the  red  alluvium. 

As  the  colonies  de])en(lent  on  these  waters  expanded,  several  devices 
were  adopted  for  increasing  the  output  of  the  water-bearing  land. 
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Fig.  4.— Section  of 
Cucamonga  Water 
Company's  well  (No. 
69,  Cucamonga  quad- 
rangle) . 
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The  Y  tunnel  was  driven  into  the  hill  east  of  the  East  cienaga  in  18^ 
and  1887.  Another  tunnel,  three-fourths  of  a  mile  farther  east,  was 
driven  into  water-bearing  ground  in  1887  and  1888,  and  the  Eddy  tun- 
nel was  extended  under  the  West  ci6naga  at  about  the  same  time. 
More  recently,  especially  in  the  late  nineties  and  since,  many  welk 
have  been  drilled  and  pumping  plants  installed  to 
increase  or  to  maintain  the  original  supply. 

The  original  ci6naga  waters  and  the  pumped 
waters  which  now  take  their  place  seem  certainly  to 
be  derived  both  from  the  eariier  and  later  alluvium. 
The  ultimate  origin  of  the  water  in  each  of  these 
tormations  is  the  same — namely,  the  rainfall  upon 
the  San  Gabriel  Range,  north  of  the  Red  Hills — but 
the  courses  which  they  follow^  to  the  point  of  devel- 
opment, or  at  which  they  originally  issued,  are  prob- 
ably essentially  different.  Nevertheless,  w^aters 
from  both  sources  were  no  doubt  mingled  in  the 
old  springs  and  are  probably  now  mingled  in  some 
of  the  wells. 

It  is  to  be  remembered  that  the  Red  Hills  as  a 
partially  buried  topographic  feature  act  as  a  barrier 
against  which  the  modem  stream  wash  lias  been 
piled.  (See  fig.  2.)  The  waters  which  are  percolat- 
ing southward  through  this  wash  reach  the  barrier, 
rise  behind  it,  and  flow  over  it  as  springs,  except 
where  they  are  taken  out  by  development  before 
they  reach  the  surface.  Waters  within  the  older 
formation,  the  red  alluvium  of  the  liills,  enter  the 
porous  beds  of  this  terrane  at  points  near  the  base 
of  the  mountains,  follow  a  deeper  and  presumably 
longer  course  entirely  below  the  modem  wash,  and 
rise  along  the  fold  which  is  expressed  by  the  Red 
Hills,  to  escape  as  springs  or  to  be  taken  out  before 
their  escape  by  development.  Important  evidence 
of  this  difference  in  the  courses  followed  by  the  two 
groups  of  waters  is  furnished  by  their  temperatures. 
The  waters  of  the  east-side  wells  issue  at  tempera- 
tures of  70°  to  72°;  those  of  the  west-side  wells 
have  temperatures  of  about  64°.  This  difference  of  6°  or  8°  indi- 
cates that  the  former  waters  rise  from  regions  350  to  400  feet  dee^^er 
than  the  latter,  if  the  usual  increment  of  1°  increase  in  earth  heat 
with  each  60  feet  in  depth  is  accepted  as  applying  in  this  region. 
Inasmuch  as  the  increase  is  probably  less  rapid  than  this  in 
these  unconsolidated  gravels,  it  is  likely  that  the  difference  in  the 
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FiQ.  5.— Section  of  Sim- 
set  Water  Company's 
well  (No.  54,  Cuca- 
monga  quadrangle) . 
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depth  from  which  the  two  watei"s  lise  is  greater  than  that  given 
above.  If  this  evidence  of  the  temperature  is  accepted  as  a  safe 
basis  for  a  division  of  the  waters,  the  Haskell  wells  (No.  79, 
Cucamonga  quadrangle)  and  those  farther  east  fall  into  the  group 
which  derives  its  waters  from  the  Red  Hills  formation,  the  older 
alluvium;    while    those  to    the    west    derive    their  pect 

waters  from  the  overlying  modern  wash.     The  loca-  ^  "• 

tion  of  the  wells  in  areas  which  are  recognized  as 
respectively  in  older  and  in  modem  alluvium  sup- 
ports this  evidence  of  the  temperatures. 

It  is  unlikely  that  the  waters  of  the  two  groups  'o^ 

are  wholly  distinct.  Interchange  probably  takes 
place  through  leakage  from  one  formation  into  the 
other.  However,  even  though  the  separation  is 
not  entirely  perfect,  it  is  probably  sufficiently  defi-  2o< 

nite  to  bring  about  certain  differences  in  the  be- 
havior of  the  two  groups  of  waters  under  the 
influence  of  development.  The  supply  in  the  west- 
side  wells  may  be  expected  to  respond  somewhat  300- 
more  promptly  to  wet  aQd  dry  years  than  that 
of  the  east-side  wells,  whose  waters  follow  a  longer 
course  through  somewhat  less  pervious  material 
to  the  point  where  they  are  pumped  to  the  sur-  400 
face.  In  many  places,  also,  the  older  gravel  is  less 
open  and  yields  its  waters  less  freely  than  the 
newer,  so  that  individual  wells  are  expected  on  the 
average  to  have  a  smaller  capacity.  The  water  500 
developed  from  both  formations  in  the  vicinity  of 
the  Red  Hills  is  probably  supplied  largely  by  the 
run-off  from  Cucanjonga  Canyon  and  the  canyons 
farther  east.                                                                                            eoo- 

SAN  ANTONIO  UNDERGROUND  WATERS. 

The  area  whose  ground  waters  are  suppHed  by 
run-off  from  San  Antonio  Canyon  is  so  distinct  and  700 

so  important  that  it  is    best  to  accord  it  separate  fig.  e.— section  of  san 
treatment.     The  Palomares,  Del  Monte,  and  Martin     Antonio  water  com- 

.^  XX-  i-n  r        X      •  X  pany's  well  (No.  73, 

cienagas,  at  one  tune  proiilic  sources  of  artesian  water  cucamonga  quad- 
and  still  yielding  valuable  pumped  waters  in  large  rangio. 
quantity,  the  Indian  Hill  group  of  wells,  and  another  series  of  scattered 
wells  near  the  San  Gabriel  foothills  northwest  of  Claremont  all  draw 
the  major  part  of  their  waters  from  the  run-off  of  the  San  Antonio 
basin  and  the  much  smaller  and  less  important  basins  of  Thompson 
and  Liveoak  creeks.     Their  situation,  which  has  been  determined  as 
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nu)«t  favorable  by  years  of  work  in  development,  is  in  the  Iwlt  through 
which  practically  ail  San  Antonio  waters  must  percolate.  The  pecu- 
liar position  of  the  old  Palomares  ci6naga,  on  the  high  ground  at  the 
eastern  point  of  the  San  Jose  Hills  and  appar-  ^ 
ently  not  in  the  direct  line  of  run-oflF  from  any 
of  the  important  canyons,  together  with  the 
abundant  wat^r  supply  which  it  has  always 
yielde<l,  makes  it  of  especial  interest.  Practi- 
cally all  of  the  surface  discharge  of  San  Antonio 
Canyon  now  passes  east  of  C4aremont,  and  the 
run-off  from  the  next  large  canyon  to  the 
west — San  Dimas — is  entirely  westward  toward 
the  San  Gabriel.  The  Palomares  ci^naga  is 
nearly  on  the  divide  between  them.  Appar- 
ently the  only  element  in  its  situation  favor- 
able to  the  formation  of  an  art^an  basin  is 
the  barrier  of  the  San  Jose  Hills  back  of  it. 
Surface  conditions  alone  would  lead  the  student 
of  the  ground-water  supply  to  expect  the 
greater  part  of  the  San  Antonio  percolation  to 
be  well  east  of  Claremont,  but  development 
proves  that  it  is  practically  all  west  of  a  line 
which  crosses  the  Santa  Fe  Railway  about  1 
mile  east  of  the  town. 

The  true  explanation  of  this  diversion  of  the 
San  Antonio  percolating  waters  westward 
against  the  foot  of  the  San  Jose  Hills,  when 
their  normal  course  apparently  should  be  di- 
rectly southward  from  the  mouth  of  the  can- 
yon, is  to  l)e  sought  in  the  buried  older  topog- 
raphy (fig.  7),  which  has  been  discussed  in  part 
in  the  consideration  of  the  Red  Hills  waters. 
The  evidence  furnished  by  well  records,  which 
is  rather  scant,  and  by  w^ater  levels,  also  scant 
but  yet  more  complete  than  the  other,  indi- 
cates that  a  barrier  (a  so-called  ' '  dike '  ^ ) ,  which 
is  probably  (mly  a  buried  hill  of  the  older  allu- 
vium, extends  from  the  base  of  the  spur  east 
of  the  mouth  of  San  Antonio  Canyon  south- 
ward and  slightly  westward  in  a  gentle  curve 
toward  the  south  line  of  the  Palomares  ci6naga 
and  the  east  point  of  the  San  Jose  Hills.  West 
of  this  curved  line  lie  the  producing  wells  of 
the  district,  with  a  water  plane  high  enough,  except  at  some  points 
near  the  base  of  the  mountains,  so  that  the  waters  may  be  pumped 
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Teadily ;  east  of  it  are  many  dry  shafts^  or  if  water  is  encountere<l  it 
i^  at  a  much  greater  depth  than  across  this  line.  Underground  waters 
from  the  Cucamonga  Canyon  are  checked  and  held  up  so  that  they 
are  accessible  by  the  Red  Hills  and  by  burie<l  north- 
west and  northeast  extensions  of  them,  while  the 
same  effect  Is  produced  on  the  San  Antonio  Canyon 
waters  by  the  buried  ridge  indicated  above. 

Between  these  two  valuable  water-bearing  districts 
is  an  irregularly  triangular  area,  with  its  axis  per- 
haps a  quarter  or  a  half  mile  west  of  San  Antonio 
avenue  and  its  base  extending  along  the  Santa  Fe 
tracks,  in  which  ground  waters  are  found  only  at 
tlepths  too  great  for  profitable  development  at  pres- 
ent. This  is  presumably  a  valley  in  the  earlier 
buried  '*Red  Hills''  topography,  and  the  under- 
ground waters  entering  it  across  the  buried  ridges 
or  '' dikes''  to  the  northeast  and  northwest  sink  at 
once  to  lower  levels,  much  as  surface  waters  are 
found  at  lower  levels  below  a  dam  than  above  it. 

The  first  waters  taken  from  the  old  Palomares 
ci^naga  (PI.  I,  C-D  and  fig.  8)  were  waters  which  rose 
naturaOy  under  artesian  pressure  and  supplied  San 
Jose  Creek.     These  waters  were  <liverted  into  a  ditch 
and  used  for  irrigation  as  early  as  1840.     The  use 
was    not   extensive,  however,  until  the   seventies, 
when  the  available  amount  was  increased  by  <level- 
opments  consisting  of  drainage  ditches  cut  into  the 
ci6naga  and  of  artesian  wells.     These  wells  continued 
to  yield  a  supply  until  near  the  end  of  the  decade 
between  1890  and  1900,  when  they  gradually  failed 
as  a  result  of  increased  development  and  drought. 
Now  all  waters  drawn  from  this  original  artesian 
basin  are  pumped.     The  smaller   Del   Monte   and 
Martin  marshes  have  had  similar  histories.     They 
first  yielded  spring  waters;  then  with  the  *^ develop- 
ment" of  the  water-bearing  lands,  short-live<l  arte- 
sian wells  were  procured  and  the  springs  dried  out. 
Now  all  water  used  is  pumped. 
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Fio.  8.— Section  of  Gird 
well  No.  6.  Palomares 
cidnaga  ( nea  r  No .  284, 
Cucamonga  quad- 
rangier. 

All  the  waters  which  escape  underground  from  the  higher  water- 
bearing lands  to  the  north,  all  the  return  irrigation  waters  from  the 
extensive  irrigated  areas  about  Pomona,  Claremont,  Ontario,  and 
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Cucamonga,  and  the  winter  flood  waters  from  the  mountain  cMiyons 
between  Lordsburg  and  Etiwanda  which  are  absorbed  south  of  a  line 
connec  ting  the  eastern  part  of  the  San  Jose  Hills  and  the  Red  Hilb, 
percolate  slowly  southward  toward  Santa  Ana  River,  the  main 
drainage  line  of  this  part  of  the  State. 

In  the  vicinity  of  Chino  and  for  5  or  6  miles  southeast  of  that  town 
these  ground  waters  are  under  sufficient  pressure  to  rise  to  the  surface 
when  wells  are  drilled  in  the  water-bearing  sands.     The  area  within 
which  these  rising  waters  are  known  to  occur  covered  about  21.4 
square  miles  in  1904.     This  represents  a  slight  shrinkage  from  the 
maximum  original  area  of  approximately  23  square  miles,  when  the 
basin  was  entirely  undeveloped  and  rainfall  in  this  part  of  the  State 
was  heavy.     The  southwestern  rim  of  the  basin  is 
formed  by  the  bed  rock  of  the  t^uente  Hills.    Toward 
the  northeast  it  is  indefinitely  limited  by  the  rising 
ground  of   the  Cucamonga  Plains.      Its   southern 
edge,  so  far  as  it  is  revealed  by  development,  is  a 
rather  difinite  line  that  is  probably  determined  by 
the  shoaling  of  the  basin  in  this  direction,  through 
the  rise  of  its  relatively  impervious  base  toward  the 
surface.     This  base  seems  to  consist  of   an  older 
gravelly  alluvium,  like  the  coarser  phase  of  tlie  Red 
Hills  beds,  but  beneath  this  Tertiary  sandstones  and 
shales  or  granitic  rocks  such  as  outcrop  near  Corona 
would  doubtless  be  encountered  in  sufficiently  deep 
drilling. 

Throughout  this  belt,  as  in  most  of  the  artesian 
districts,  there  are  moist  lands  and  springs  that 
mark  the  points  at  which  the  waters  under  pressure 
below  leak  to  the  surface.  Chino  Creek  and  other 
small  streams  which  drain  the  area  do  not  show  the  usual  shrinkage 
of  southern  California  streams  during  the  last  decade,  but  on  the 
contrary  have  maintained  their  flow  or  have  increased  it  shghtly. 
Santa  Ana  River  at  the  narrows  below  Rincon  has  increased  in  flow 
from  a  minimum  of  14  or  15  second-feet  in  1888  to  a  minimum  of  60 
or  70  second-feet  in  1904.  This  increase  is  accepted  as  one  of  the 
striking  examples  of  the  effect  of  return  irrigation  waters  in  adding 
to  the  volume  of  flowing  waters  below  the  irrigated  lands  during  a 
dry  period.  Much  of  this  increase  is  no  doubt  due  to  irrigation  in 
the  vicinity  of  Riverside,  but  an  important  proportion  is  also  to  be 
attributed  to  the  steady  appUcation  of  water  to  the  land  in  the 
colonies  along  the  western  margin  of  the  Cucamonga  Plains.  A  large 
part  of  tliis  latter  return  water  passes  through  the  Chino  artesian  belt 
in  its  slow  percolation  seaward,  and  helps  to  account  for  the  fact  that 
this  basin  has  exhibited  less  shrinkage  during  the  tri'ing  years  of 
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FiQ.  9.— Section  of  W.  P. 
Brown's  well  (No.  221, 
Cucamonga  quadran- 
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drought  which  have  j  ust  passed  than  other  important  fe  et 

artesian  basins  of  this  end  of  the  State,     It  is  also  "* 

true  that  this  basin  has  been  less  vigorously  devel- 
oped than  others,  chiefly  because  there  has  been 
difficulty  in  securing  good  titles  to  land  on  the  old 
Chino  rancho  until  recently.     These  two  conditions,  '°^ 

then,  moderate  development  and  favorable  situation 
in  relation  to  return  irrigation  waters,  account  for 
the  fact  that  this  basin  is  now  in  excellent  condition 
so  far  as  its  water  supply  is  concerned.  ^°° 

The  Chino  basin  proper  has  not  been  explored  to 
great  depths  by  the  driller,  the  deepest  well  being 
that  belonging  to  Edward  Lester  (No.  36,  Cuca- 
monga  quadrangle).     It  is  467  feet  deep,  and  all  the  ^^"^ 

coarser  strata  are  found  above  390  feet.  Most 
other  wells  within  the  basin  are  300  feet  or  less  in 
depth.     (See  fig.  9.) 

The  deepest  well  in  the  Cucamonga  Plains,  the  ^°° 

Lorbeer  well  (fig.  10),  just  northwest  of  Chino,  was 
drilled  to  a  depth  of  973  feet,  but  the  record  indi- 
cates that  below  500  feet  the  drill  pierced  the  older 
alluvium,   consisting  of  red   clays    and    cemented  s°^" 

beds  which  yielded  no  water.  Southwest  of  Chino, 
toward  Santa  Ana  River,  there  are  outcrops  of 
slightly  hardened  gravel  wliich  seem  to  belong  to  the 
earher  alluvium.     These  scattered  facts  suggest  that  ^°^"" 

the  filUng  of  modern  wash  witliin  the  Chino  district 
is  a  comparatively  thin  veneer,  500  feet  or  less  in 
thickness,  beneath  which  lie  relatively  compact  older 
clays  and  cemented  gravels  which  are  dry  or  but  ^°^" 

meagerly  water  bearing.  If  this  inference  is  correct, 
the  value  of  wells  drilled  in  this  region  in  the  future 
will  not  be  increased  by  extending  them  in  depth 
beyond  300  to  500  feet.    The  data  are  too  incomplete  ®°°  "^ 

as  yet  to  state  this  as  more  than  a  probable  condi- 
tion. A  few  deep  test  wells  drilled  in  the  area 
extending  4  or  5  miles  southeastward  from  Chino 
will  give  much  needed  light   on   the  underground  ^° 

conditions. 

The  apparent  shallowness  of  this  basin,  taken  in 
connection  with  the  rather  irregular  topography 
along  its  southern  border  in  the  vicinity  of  Saant  '°°°"^ 

Ana  River,  leads  to  the  behef  that  its  limits  in  this  fio.  lo.-section  of  Lor- 
direction  are  due  to  the  rise  toward  the  surface  of    ^o^^qJL'dian^te)' 
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the  dry  older  alluvium  which  forms  the  floor  of  the  baon  farther 
north. 

SAN  JOSE  VALLEY. 

The  Puente  and  San  Jose  hills,  which  together  constitute  the  north- 
western extension  of  the  Santa  Ana  Mountains,  are  separated  by  the 
valley  of  San  Jose  Creek.  This  stream  is  pecuhar  in  that  it  rises  not 
in  the  hills  themselves  but  in  the  western  edge  of  the  Cuc^unonga 
Plains,  whence  it  flows  directly  across  the  hill  area  through  a  restricted 
valley  into  the  San  Gabriel  basin.  It  is  believed  to  be  a  compound 
stream,  resulting  from  a  reversal  of  drainage  caused  by  the  growth  of 
the  Sjui  Antonio  alluvial  fan.  The  original  divide  between  the 
eastward-flowing  and  westward-flowing  elements  of  tliis  compound 
stream  seems  to  have  been  about  2  miles  below  Spadra.  At  that 
time  the  east  end  of  San  Jose  Valley  drained  into  the  Santa  Ana, 
and  the  west  end  drained  as  now  toward  the  San  Gabriel.  With  the 
growth  of  the  San  Antonio  fan  southward  the  original  eastern  outlet 
was  blocked,  slowly  filled,  and  finallj^  given  a  westward  slope.  The 
Palomares  ri^naga  probably  originated  with  this  growth  of  alluvial 
deposits  and  its  excess  waters  became  the  source  and  principal  feeder 
of  San  Jose  Creek.  Now,  when  there  is  a  surface  flow  in  this  creek, 
its  waters  rise  on  the  north  slope  of  the  eastern  point  of  the  San  Jose 
Hills,  flow  westward  around  the  point  of  the  hills,  and  double  back 
into  the  San  Jose  Valley,  giving  a  very  tortuous  alignment  to  the 
upper  portion  of  the  stream. 

The  sand  and  gravel  filling  in  the  eastern  portion  of  the  San  Jose 
Valley  in  the  vicinity  of  Pomona  is  rather  deep;  wells  have  been 
drilled  here  to  depths  between  300  and  400  feet  without  reaching  bed 
rock.  Near  Spadra  are  wells  between  150  and  300  feet  deep  which 
do  not  "reach  the  rock  bottom  of  the  valley,  but  others  much  shallower 
near  the  borders  of  the  area  encounter  rim  rock,  the  *'hill  formation;' 
as  it  is  locally  called.  In  the  vicinity  of  Lemon  bed  rock  seems  to  be 
near  the  surface  of  the  valley.  In  the  Howell  well  and  tunnel  the 
liill  shales  are  found  at  a  depth  of  35  feet,  but  the  McClintoek,  Lee  & 
St.  Clair  well,  1  mile  farther  south,  failed  to  reach  rock  at  100  feet. 
From  this  neighborhood  westward  the  valley  presumably  deepens 
gradually  until  it  unites  with  the  main  San  Gabriel  basin  below 
Puente.  Its  underground  water  supply,  while  replenished  in  part, 
of  course,  by  local  run-off  from  the  surrounding  hills,  has  been  fed 
in  the  past  to  an  important  extent  by  the  excess  from  the  Palomares 
ci^naga,  which  San  Jose  Creek  drains,  and  that  supply  has,  with  but 
little  question,  been  adversely  affected  by  the  extensive  drafts  on 
this  ci6naga  for  irrigation  about  Pomona. 
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SAN  DIMAS  DISTRICT. 
DEVELOPMENT. 

West  of  the  Cucamonga  Plains  and  between  the  San  Jose  Hills  and 
the  base  of  the  San  Gabriel  Range  is  an  area,  extending  westward  to 
San  Gabriel  Wash,  which  has  been  growing  steadily  in  importance 
in  recent  years  as  a  productive  citrus  district.  It  includes  the  towns 
of  San  Dimas,  Covina,  Glendora,  and  Azusa,  with  their  surrounding 
tributary  horticultural  belts. 

The  preservation  of  the  citrus  acreage  planted  previous  to  1897  and 
its  extension  since  have  been  accomplished  here,  as  in  most  of  the 
orange^owing  sections  of  the  south  end  of  the  State,  by  the  develop- 
ment of  underground  waters.  To  bring  about  this  result  many 
important  wells  have  been  put  down  during  the  last  decade.  This 
development  has  been  particularly  extensive  in  San  Dimas  Wash 
because  valuable  lands  about  Glendora  and  Covina  could  be  con- 
veniently served  by  these  waters,  and  on  the  mesa  lands  about 
Laveme  because  this  region  is  especially  adapted  to  citrus  culture 
and  is  not  served  by  gravity  waters  from  either  the  San  Gabriel  or 
the  San  Antonio  system.  The  flowing  waters  from  the  smaller 
canyons  between  these  two  streams  are  of  course  utilized,  but  the 
flow  from  them  ceases  or  seriously  diminishes  during  the  heated 
term,  and  must  be  augmented  by  ground  waters  to  provide  for  the 
continuous  irrigation  which  citrus  fruits  require.  This  development 
has  resulted  in  the  accumulation  of  a  considerable  mass  of  evidence 
on  underground  conditions,  and  inasmuch  as  a  large  acreage  is  depend- 
ent on  waters  obtained  by  pumping,  great  interest  is  felt  by  the 
dependent  conmiunities  in  the  conditions  which  the  developments 
reveal. 

SURFACE   CONDmONg. 

The  red  mesa  lands,  which  represent  the  older  topography  of  the 
Indian  Hill  and  Red  Hills  type,  are  widely  distributed  in  this  narrow- 
est part  of  the  valley  between  the  San  Jose  Hills  and  the  San  Gabriel 
Mountains.  They  form  the  mesas  on  either  side  of  San  Dimas  Wash, 
which  is,  indeed,  a  canyon  cut  in  this  older  alluvium  and  then  par- 
tially refilled  by  the  modem  stream  debris;  they  extend  from  San 
Dimas  eastward  beyond  the  mouth  of  Liveoak  Canyon  and  southward 
toward  Laveme  and  Lordsburg.  In  the  latter  direction  their  sur- 
face extent  can  not  be  determined  with  accuracy  because  they  are 
mantled  by  the  later  alluvium,  and  the  soils  derived  from  the  two 
formations  are  very  commonly  so  much  alike  that  they 'can  not  be 
distinguished.  The  obscurity  is  increased  where  the  older  mesa 
formation  is  coarse  and  gravelly,  as  it  is  in  numerous  places  near  the 
mountains.     In  many  such  places  its  red  color  is  wanting  and  it  is  to 
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be  distinguished  from  the  latest  wash  only  by  its  distribution  and  by 
a  slight  induration,  wliich  although  very  imperfect  is  usually  some- 
what greater  than  that  of  the  later  gravels.  North  of  San  Dimas 
Wash  a  bench  of  the  red  clays,  in  many  of  the  exposures  very  typic- 
ally developed,  extends  eastward  from  the  point  of  the  hill  south  of 
Glendora  to  the  base  of  the  main  range.  Between  Azusa  and  Glen- 
dora  a  fringe  of  this  formation  flanks  the  mountain  base.  In  these 
described  areas  it  forms  the  actual  surface;  over  other  sections^  it  is 
probably  not  deeply  buried.  For  example,  it  presumably  unrlerlies 
the  entire  area  about  the  head  of  Walnut  Creek,  extending  from 
Laveme,  San  Dimas,  and  the  country  to  the  west,  southward  to  the 
San  Jose  Hills,  and  it  may  underiie  much  of  the  Glendora  district  at 
slight  depths.  It  should  be  understood  clearly  that  these  red  clays 
and  gravels  were  distributed  just  as  the  clays,  gravels,  and  sands  are 
being  distributed  to-day  over  their  channels  by  the  San  Gabriel  and 
other  streams.  In  both  cases  the  material  laid  down  is  simply  the 
ground-up  rock  brought  by  the  streams  from  their  mountain  can- 
yons, and  the  total  quantity  of  earUer  and  later  wash  is  equal  to  the 
amount  removed  by  the  streams  in  cutting  the  canyons. 

The  important  facts  about  the  older  alluvium  are  that  in  certain 
areas  it  has  been  uplifted  since  its  deposition  and  that  time  enough 
has  elapsed  to  permit  it  to  be  eroded  by  the  streams  since  its  uplift, 
so  that  an  irregular  topography  has  been  produced  in  it.  There  are 
hills  here  and  valleys  there,  canyons  in  one  area,  mesas  in  another, 
and  these  have  all  been  smoothed  over  and  partially  buried  by  the 
modem  stream  wash.  We  do  not  know  this  older  topography,  there- 
fore, in  detail.  We  see  only  here  and  there  a  hilltop  or  a  broad  mesa 
standing  above  the  modem  wash.  The  rest  of  the  red  alluvial  hills 
and  valleys  are  buried  beneath  it.  In  many  areas,  however,  they 
manifest  themselves  distinctly  in  the  influence  that  they  exert  on 
the  circulation  of  the  ground  waters.  While  this  influence  is  marked, 
it  is  not  everywhere  complete,  because  the  old  alluvium  is  not  imper- 
vious. A  ridge  of  it  buried  in  the  later  alluvium  may  therefore  not 
entirely  deflect  the  waters  percolating  through  the  latter,  although 
the  difference  in  porosity  is  in  many  places  great  enough  to  make 
the  deflection  nearly  complete. 

Both  the  older  and  the  younger  alluvial  deposits  exhibit  the  irr^:u- 
larity  which  is  characteristic  of  the  alluvium  everywhere.  Both  have 
their  coarse  and  their  fine  phases,  their  pervious  and  their  impervious 
lenses  and  strata.  This  fact  increases  the  diflSculty  of  distinguishing 
between  them,  because  though,  taken  all  in  all,  the  modem  wash  is 
more  open  and  permits  of  freer  circulation  of  ground  waters  than  the 
older  wash,  yet  many  of  the  better  beds  in  the  older  wash  may  be 
superior  to  the  poorer  beds  in  the  modem  wash  in  this  important 
respect.  Both  are  water  bearing,  and  under  favorable  conditions 
good  wells  are  procured  in  each,  but  the  greater  number  of  better  welLs 
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are  drilled  in  the  modern  gray  wash,  and  in  many  places  the  older 
alkivium  is  dry. 

UNDERGROUND    CONDITIONS. 

The  extensive  developments  about  Lordsbui^  and  Laveme  and  in 
San  Dimas  Wash  have  brought  to  light  certain  important  phases  of  the 
undei-ground  conditions.     Bed  rock  has  been  found 

.  .  FEET 

in  enough  of  these  wells  to  give  a  hint  as  to  the  depth o-i 

of  the  alluvial  filling  and  the  downward  limitsof  water- 
bearing gravel.  A  well  wliich  has  been  mentioned 
before,  belonging  to  the  Irrigation  Company  of  Pomona 
(No.  182,  Pomona  quadrangle) ,  enters  bed  rock  at  a  loo 

depth  of  about  800  feet;  that  is,  at  160  feet  above  sea 
level. 

In  one  of  the  Covina  Irrigating  Company^  s  wells 
south  of  Lordsburg  the  drill  entered  lava,  similar  to  zoo 

that  which  outcrops  in  the  hills  farther  to  the  south, 
at  244  feet  from  the  surface,  although  other  wells 
of  this  group  which  were  drilled  1 50  feet  deeper  are  in 
alluvium  to  the  bottom.  3oo 

In  the  recently  drilled  Peyton  well  (No.  247, 
Pomona  quadrangle;  see  fig.  11)  a  granite  bed  rock, 
first  encountered  at  538  feet  from  the  surface,  was 
penetrated  for  nearly  100  feet.     Bed  rock  here  stands  4qo-( 

at  something  more  than  600  feet  above  sea  level  and 
in  the  Covina  well  at  about  750  feet. 

The  San  Dimas  Irrigating  Company's  wells  on  the 

•site  of  the  old  *^Mud  Springs''  cienaga  reached  a  so 

shale  bed  rock  at  about  200  feet  below  the  surface; 

that  is,  at  about  800  feet  above  sea  level.      These 

and  the  Covina  wells  are  near  the  south  rim  of  the 

^a»^y-  600  H 

At  the  bottom  of  wells  Nos.  208  and  210,  owned  by 

Baker  &  Son  and  by  N.  L.  Sparks,  a  lava  bed  rock 

was  found  at  330  and  300  feet,  respectively,  below 

the  surface :  that  is,  at  a  little  less  than  900  feet  above  _, 

'  '  .  700  — ' 

sea  level.  North  and  south  of  San  Dimas  Wash 
are  bed-rock  hills  of  shale,  sandstone,  and  lava,  and  ^'peytoiT^ir^xo 
wells  drilled  near  these  knobs  strike  the  same  rock  247,  Pomona  quad- 
formation  at  slight  depth.  The  Deacon  wells,  be-  ^""»*«^ 
longing  to  the  Covina  Irrigating  Company,  are  of  this  type.  Of 
the  wells  mentioned  none  are  in  the  center  of  the  valley,  where 
bed  rock  is  probably  deepest,  although  the  Peyton  well,  north  of 
Lordsburg,  is  not  far  from  the  center.  A  number  of  the  San 
Dimas  Wash  wells  are  more  than  500  feet  in  depth  (fig.  12), 
and   so   far   as   reported,  in  no  well    except    those    of    the    Deacon 
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group,  drilled  near  the  base  of  a  bed-rock  mouad,  was  rock  fouiKi 
in  place.  It  seems  unlikely,  however,  that  bed  rock  is  more  than 
1,000  feet  below  the  surface  in  this  vicinity.  The  buried  bed-rock 
surface,  it  is  to  be  remembered,  is  probably  quite  as  irregular  as  that 
part  of  it  which  lies  above  the  alluvial  filling.  It  consists  of  ridges, 
knobs,  and  valleys,  so  that  the  depth  to  it  will  not  be  uniform  aiwl 
can  not  be  predicted  with  exactness  at  any  point.  The  records  of 
the  wells  which  have  been  mentioned  support  the 
opinion  that  would  be  formed  by  a  mere  inspection 
of  the  topography,  namely,  that  bed  rock  lies  closer 
to  the  surface  in  this  narrow  belt,  where  the  Coast 
Range  approaches  nearest  to  the  base  of  the  San 
Gabriel  Mountains,  than  in  the  broader  San  Gabriel 
Valley  to  the  west  or  in  the  wide  Cucamonga  Plains 
to  the  east. 

The  greater  part  of  the  sands,  gravels,  and  clays 
in  the  San  Dimas  area  belongs,  as  has  already 
been  indicated,  to  the  older  alluvium,  the  "Red 
Hills  formation,''  as  it  is  locally  called ;  but  in  San 
Dimas  Wash  itself  a  fairly  deep  canyon  has  been 
cut  into  tliis  older  wash  and  then  partially  filled 
again  by  the  loose  sands  and  gravels  brought  out 
by  the  stream  (fig.  13).  The  walls  of  the  unfilled 
portion  of  this  older  canyon  limit  the  mesa  north 
of  San  Dimas  and  Laveme. 

The  depth  of  the  loose  modem  filling  in  the  wai^ 
seems  to  be  only  about  100  or  200  feet.  Below 
that  depth  some  of  the  wells  encounter  red  clays- 
which  presumably  belong  to  the  older  alluvium 
that  forms  the  walls  of  San  Dimas  Wash. 

The  depth  to  bed  rock  in  the  wash  is  of  in- 
terest to  irrigators  because  it  determines  the  final 
lower  limit  from  which  irrigating  waters  can  be 
drawn.  None  of  the  owners  who  have  put  down 
wells  near  the  middle  of  the  wash,  where  the  freest 
water-bearing  gravels  are  found,  have  reporteil 
bed  rock,  although  it  has  been  reached  in  a  num- 
ber of  the  wells  near  the  southern  edge.  In  view 
of  tho  restricted  character  of  the  middle  valley  of  the  San  Dimas  and 
the  fact  that  it  is  only  about  1  mile  from  rim  rock  on  the  south  of 
the  wash  to  rim  rock  on  the  north,  near  the  town  of  San  Dimas,  it  is 
manifest  that  bed  rock  can  not  lie  at  great  <lepth  below  this  part 
of  the  stream  bed. 

North  of  Laveme  the  valley  is  broader  and  may  be  deeper,  since 
its  bottom  is  pi-obably  irregular,  but  the  greatest  depth  to  bed  rock 
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"here  is  probably  beneath  the  mesa  in  the  old  alluvium,  while  the 
{principal  producing  wells  lie  in  the  wash  within  less  than  three-fourths 
of  a  mile  from  the  northern  rocky  border  of  the  valley.  If  the  gen- 
eral average  slope  of  this  mountain  rim,  a  slope  of  1,000  to  1,500-feet 
per  mile,  is  maintained  beneath  the  wash,  as  it  probably  is,  then  bed 
ix)ck  is  to  be  expected  at  less,  probably  at  considerably  less,  than 
1,000  feet  from  the  surface  in  that  part  of  the  wash  where  develop- 
ment is  most  intense. 

The  great  value  of  the  gravels  which  have  been  pierced  here  is  due 
to  their  coarseness,  openness,  and  looseness,  and  the  consequent  free- 
dom with  which  they  yield  the  water  that  they  contain,  and  the 
readiness  with  which  they  are  recharged  after  having  been  heavily 
pumped. 

The  San  Dimas  area  forms  the  extreme  eastern  extension  of  the 
San  Gabriel  Valley,  but  has  been  discussed  as  a  separate  district 
because  of  the  intensity  and  importance  of  its  development,  and 
because,  as  it  stands  near  the  divide  between  the  San  Gabriel  Valley 


Fio.  13.~Dia«nranuxuitic  section  across  San  Dlmas  Wash;  a,  lava;  b,  alluvium;  c,  shale. 

and  the  Gucamonga  Plains,  underground  conditions  are  unlike  those 
in  either  of  the  latter  areas. 

SAN  GABRIBL  VALLEY. 

Westward  from  San  Dimas  the  valley  of  San  Dimas  Creek  gradu- 
ally opens  out  into  the  San  Gabriel  Valley  proper,  which  extends  as 
a  >\dde  plain  with  a  gentle  slope  toward  the  south  to  the  San  Rafael 
Hills  beyond  Pasadena.  San  Gabriel  River  at  the  mouth  of  its  can- 
yon discharges  upon  tins  plain  and  leaves  it  through  the  Paso  de 
Bartolo,  a  dozen  miles  to  the  southwest.  Throughout  much  of  the 
year  its  channel  across  the  plain  is  a  dry  wash,  but  during  the  period 
of  the  winter  rains  a  surface  stream  often  extends  entirely  across  the 
valley.  At  other  seasons  the  water  which  reaches  the  inner  edge  of 
the  plain  from  the  canyon  sinks  and  crosses  the  valley  by  percolation 
underground.  Water  always  rises  in  and  near  the  Paso  de  Bartolo 
in  springs,  which  feed  Rio  Hondo  and  the  San  Gabriel  and  thus 
supply  the  canals  which  head  here  with  irrigating  water.  So  far  as 
kno\^Ti,  this  central  portion  of  the  basin  is  a  simple  broad  valley  of 
deformation,  whose  bed-rock  bottom  may  be  several  thousand  feet 
below  the  surface. 
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That  part  of  the  San  Gabriel  Valley,  however,  which  lies  north  anii 
west  of  a  line  connecting  South  Pasadena  with  the  spur  of  the  Saii 
Gabriel  Mountains  between  Santa  Anita  Canyon  and  Monrovia,  L^  a 
distinct  province  so  far  as  its  underground  waters  are  concerned.  A 
fold  in  the  late  strata  which  form  the  valley  filling,  a  fold  which  in 
places  expresses  itself  topographically  as  a  ridge  or  a  series  of  knol^. 
here  forms  an  effective  underground  barrier  to  the  waters  that  an* 
percolating  toward  the  axis  of  the  valley  from  the  northwest,  and  5j> 
makes  of  tlus  northwestern  tract  a  distinct  area,  which  will  be  spoken 
of  as  the  Pasadena  Basin. 

In  the  central  part  of  the  San  Gttbriel  Valley  development  has  not 
as  yet  been  very  intense.     The  cultivable  lands  along  the  northern 
edge,  particularly  those  east  of  San  Gabriel  Canyon,  are  irrigaie<l 
largely  by  canals  which  take  gravity  water  from  the  canj-on.     Theiy 
are  a  number  of  successful  wells  west  of  the  wash  close  to  the  foot- 
hills, where  soils  are  good,  but  farther  south  is  a  wide  area  of  rough 
land  which  has  little  agricultural  value  and  beneath  which  the  water 
plane  lies  at  considerable  depths.     Still  farther  south,  toward  Basset t 
and  Elmonte,  the  soils  are  finer  and  more  productive,  and  the  water 
plane  lies  nearer  the  surface,  so  that  the  development  of  under- 
groimd  waters  is  less  expensive.     In  this  area  they  are  more  generally 
used.     The  Pa$o  de  Bartolo  is  the  water  gap  through  which  the  Sm 
Gabriel  Valley  waters  are  discharged  upon  the  coastal  plain.     It  Ls 
less  than  2  miles  wide,  and  its  depth  is  not  known,  although  the 
topography  and   the  records  of  wells  drilled  in  the  pass  indicate 
clearly  that  the  depth  must  be  considerable,  perhaps  600  or  800  feet 
The  valley  to  the  north  is  doubtless  much  deeper  than  this,  and  the 
rise  of  the  ground  waters  in  the  pass  is  due  to  a  combined  lateral 
contraction  and  shoaling  of  the  basin,  so  that  the  cross-section  of 
the  field  through  which  the  waters  are  percolating  is  very  much 
lessened,  and  they  are  forced  out  as  surface  flows.     The  waters  which 
accimaulate  here  above  the  pass  and  escape  through  it,  either  over 
the  surface  or  beneath  it,  include  all  the  waters  that  drain  into  the 
San  Gabriel  Valley  from  San  Dimas  westward  to  Pasadena,  except 
those  that  evaporate  from  the  water  or  soil  surfaces.     The  greater 
portion  of  the  subsurface  circulation  of  even  Arroyo  Seco  probably 
escapes  to  the  coastal  plain  by  this  route,  although  its  siurface  waters 
join  the  Los  Angeles  River  system  at  Los  Angeles. 

The  greater  San  Gabriel  basin,  in  which  the  absorptive  gravels 
occur,  is  a  constructional  valley  of  the  type  almost  universal  in 
southern  California.  It  is  one  of  the  more  extensive  of  the  basin.^ 
of  this  type,  and  its  dimensions  are  difficult  to  estimate.  Wells  are 
not  numerous  except  near  the  southern  margin,  and  these  are  gen- 
erally of  depths  so  moderate  that  they  give  no  clue  to  the  position 
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of  the  bottom  of  the  basin.  One  exception  is  to  be  noted.  The  test 
well  of  the  East  Whittier  Land  and  Water  Company,  just  west  of 
San  Gabriel  Wash  and  north  of  the  Southern  Pacific  tracks,  has  been 
extended  to  a  depth  of  1,260  feet.  Throughout  this  distance  the 
drill  penetrated  only  alternating  sand,  gravel,  and  clay  strata.  The 
coarsest  beds  were  found  between  70  and  350  and  between  570  and 
780  feet  from  the  surface.  Below  780  feet  coarse  strata  are  unusual 
and  clay  predominates,  but  the  bottom  of  the  well  is  in  unconsoU- 
tlated  material,  bed  rock  not  having  been  reached. 

Wells  300  feet  deep  in  the  narrowest  part  of  the  Paso  de  Bartolo 
likewise  failed  to  reach  bottom,  so  that  this  outlet  of  the  San  Gabriel 
Basin  has  been  depressed  since  it  was  cut  by-  the  stream  until  it 
stands  below  sea  level.  Just  below  and  west  of  the  pass,  on  the 
inner  slope  of  the  coastal  plain,  is  a  500-foot  well  which  penetrates 
alluvium  throughout. 

At  Elmonte  a  well  belonging  to  the  Southern  Pacific  Company  is 
4S0  feet  deep,  and  of  course  is  in  alluvium  to  the  bottom.  Other 
wells  from  300  to  500  feet  deep  in  the  vicinity  of  San  Gabriel  and 
Savannah  record  the  same  conditions. 

East  of  the  San  Gabriel  and  3  miles  north  of  Puente  is  a  well 
belonging  to  Edward  Fickewirth  which  is  850  feet  deep  (fig.  14). 
The  record  shows  only  an  alternation  of  sand,  clay,  and  gravel  strata, 
but  some  of  the  gravel  is  reported  to  be  cemented  and  may  belong 
to  the  Pliocene  rocks,  wliich  outcrop  in  the  Puente  Hills  only  a 
mile  away.  Shallower  wells  near  this  one  are  reported  to  peld  more 
freely.  In  general  the  developments  have  furnished  no  evidence 
which  vnl\  permit  a  direct  estimate  of  the  position  and  character  of 
the  rock  floor  of  the  San  Gabriel  Valley.  It  certainly  lies  well  below 
sea  level,  not  less  than  1,000  feet  below  at  the  East  Whittier  pump- 
ing station,  where  the  land  surface  has  an  elevation  of  about  300 
feet.  Without  exploration  to  it,  statements  as  to  its  position  can 
have  little  value.  The  basin  is  too  broad  and  irregular  in  outline  to 
make  projection  of  the  slopes  of  the  bordering  hills  a  safe  guide  to 
the  position  of  bed  rock  beneath  the  surface,  and  the  existence  of 
a  fault  or  fault  zone  of  great  magnitude  along  the  northern  border 
adds  to  the  uncertainty  of  the  bed-rock  position  in  this  direction. 
It  is  liighly  probable  that  the  depression  of  valleys  of  this  type  has 
been  gradual,  and  that  the  filling  by  unconsolidaLC  I  materials  has 
also  been  gradual,  since  it  ]iq3,  no  doubt,  accompanied  the  depres- 
sion and  has  probably  kept  pace  \vith  it.  The  more  deeply  buried 
sands  and  gravels  are  therefore  the  older,  and  their  consolidation 
is  likely  to  be  more  thorough.  It  is  quite  possible  that  alluvial  sedi- 
mentation of  this  type  began  toward  the  end  of  the  Tertiary  perio:l, 
which  is  represented  in  the  folded  conglomerates,  shales,  sands, 
•i7rior>— 1KB  *JiJ)— 08 1 


Digitized  by  LjOOQ IC 


50 


FOOTHILL  BELT   OF   SOUTHERN   CALIFORNIA. 


and  chiys  in' the  Puente  Hills,  and  that  it  has  continued  with  more  or 
less  reo:ularity  since.  If  tliis  is  true,  bed  rock  beneath  parts  of  th- 
valley,  at  least,  ^^dll  not  be  a  distinct  and  easily 
recognizable  feature. 

Instead,  in  deep  drilling,  the  lat^  alluvium  woui«^ 
j:Cradually  become  more  compact  with  depth  imti: 
it  passed  by  imperceptible  ^adations  into  bed  rock 
of  the  type  wliich  outcrops  in  the  Puente  Hills.  • 

Wherever  granitic  islands  stood  up  from  the 
deeper-hdng  granitic  basement,  however,  and  wen- 
finally  engulfed  only  in  the  latest  accumulations  of 
alluvium,  they  may  be  encountered  by  the  drill  in 
its  explorations,  and  then  a  perfectly  distinct  and 
definite  beil  rock  will  be  recognized.  Such  a  gra- 
nitic island  which  projects  above  the  present  sur- 
face is  to  be  found  in  Monk  HUl,  Pasadena,  and 
others  which  lie  beneath  this  surface  are  more 
likely  to  be  encountered  in  drilling  near  the  north- 
ern and  western  than  near  the  southern  and  eAsteni 
eds:es  of  the  basin. 
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PASADENA  BASIN. 


The  Raymond  Hotel  stands  on  the  crest  of  a  liill 
near  the  southern  edge  of  Pasadena.  The  axis  of 
this  hill  is  an  overturned  anticline  of  IVIiocene  sand- 
stones and  shales.  (See  fig.  16.)  North  of  east 
from  the  hotel  are  a  series  of  low  knobs  and 
abrupt  changes  in  the  valley  slope,  which  extern/ 
toward  the  spur  of  the  San  Gabriel  Range  thai 
lies  just  east  of  the  mouth  of  Santa  ^\jiita  Canyon. 
At  some  points  along  this  line  the  knobs  anti  the 
steepening  slope  which  are  the  surface  evidences  of 
certain  significant  underground  conditions  are  con- 
spicuous. At  other  points  they  are  insignificant, 
but  even  here  the  topography  is  usually  uneven 
and  the  zone  along  the  upper  edge  of  the  ^Mike' 
is  marked  by  dark  peaty  soil. 

The  behavior  of  the  underground  waters  which 
are  seeking  an  outlet  by  percolation  southeastward 
from  the  Pasadena  Basin  toward  the  main  San 
Gabriel  Valley  is  even  more  significant  of  under- 
ground conditions  along  this  line.  Above  it  ground 
waters  lie  near  to  the  surface  or  flow  out  over  the 
surface  in  certain  places.  Below  it  they  lie  more  than  1 00  feet  lower. 
The  condition  is  similar  to  that  above  and  below  a  surface  dam,  the 
water  level  being  much  nigher  above  than  below  because  of  the  imper- 
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meable  barrier  between.  Over  the  face  of  this  subterranean  dam,  the 
Raymond  Hill  dike,  the  ground-water  level  has  a  steep  grade,  as  sur- 
face waters  have  a  steep  fall  over  the  crest  of  a  surface  dam.  Above 
tlie  dike  percolating  waters  are  checked  in  their  southward  move- 
ment and  accumulate  under  pressure  where  proper  physical  conditions 
exist,  so  that  they  are  artesian. 

The  greater  number  of  the  wells  of  the  Pasadena  Basin  are  located 
along  a  zone  just  above  this  dike,  for  the  waters  here  are  much  more 
accessible  than  elsewhere  in  the  basin.  A  few  important  wells,  all 
of  which,  however,  involve  liigh  lifts,  have  been  in-  feet 

stalled  in  a  subdivision  of  the  main  Pasadena  Basin,  °~^ 

near  its  northern  edge,  which  may  be  spoken  of  as 
the  North  Pasadena  Basin.  Among  these  arc  wells 
belonging  to  some  of  the  Pasadena  water  companies 
in  the  neighborhood  of  Las  Casetas  and  Marengo.  '°°  " 

On  the  mesa  just  northwest  of  Devils  Gate  one  of 
the  Pasadena  Lake  Vineyard  Land  and  Water  Com- 
pany's wells  (No.  434,  Pasadena  quadrangle)  is  614 
feet  deep  and  does  not  reach  bed  rock,  although  rock  ^^ 

outcrops  in  iVrroyo  Seco,  only  a  mile  away.  This 
illustrates  the  steepness  of  the  buried  bed-rock  slopes 
in  this  part  of  the  Pasadena  Basin.  They  are  prob- 
ably comparable  in  steepness  with  the  mountain  ^ 
slopes  to  the  north  of  the  valley.  The  record  of  this 
well  indicates  a  very  common  succession  of  sand, 
gravel,  clay,  and  bowlders  to  560  feet.  Below  that 
point  the  proportion  of  what  the  driller  calls  *'rock,^^  ^ 
a  term  which  he  generally  applies  to  very  coarse 
material,  increases  and  continues  to  the  bottom  of 
the  boring.  It  seems  unlikely  that  bed  rock  lies  at 
a  great  distance  below  the  bottom  of  this  well.                                soo-" 

Monk  Hill  (fig.  16),  in  North  Pasadena,  is  a  bed-  no.  lo.-section  rf 
rock  outcrop  which  is  clearly  a  southeastward  con-  %^J^14q  p^ena 
tiiiuation  of  the  spur  of  the  San  Rafael  Hills  through  qmdrangie). 
which  Arroyo  Seco  has  cut  at  Devils  Gate.  This  partially  buried 
ridge  is  thus  an  eastward  extension  of  the  south  wall  of  La  Canada 
Valley.  Its  presence  is  clearly  indicated  not  only  by  the  accumu- 
lated underground  waters  nortli  of  it  which  have  been  utilized 
with  such  success  in  the  Devils  Gate  developments  of  the  Pasadena 
companies  and  the  wells  about  Las  Casetas  station,  and  by  the 
much  greater  depth  (200  feet  or  more)  at  which  waters  are 
found  below  it,  but  also  by  the  records  of  wells  Nos.  74  and  74a, 
which  are  reported  to  have  reached  bed  rock  at  135  and  146  feet, 
respectively,  from  the  surface.    These  wells  lie  between  Monk  Hill  and 
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llie  granitic  outcrops  in  Arroyo  Seco  below  Devils  Gate  (PL  II,  .li 
anil  furnish  practically  conclusive  evidence  that  a  continuous  beu- 
rock  riilgo  lies  buried  under  the  alluvium  between  these  two  points. 
The  effect  of  this  barrier  is  to  check  the  southw^ard  movement  of  the 
underj^round  waters  which  accumulate  above  Devils  Gate,  and  to 
force  them  to  make  a  long  detour  to  the  eastward  around  Monk  Hill 
lM?fore  continuing  southward.  They  are  thus  thrown  into  the  San 
Gabriel  drainage  basin  instead  of  being  tributary  to  that  of  L(»s 
Angeles  River  as  are  the  flood  waters  of  Arroj'o  Seco.  An  under- 
ground barrier  thus  changes  entirely  the  route  followed  by  the  under- 
grounil  circulation  of  the  upper  course  of  the  stream,  and  we  hare 
the  interesting  spectacle  of  the  surface  flood  waters  of  a  drainage 
basin  flowing  seaward  by  way  of  one  river  system,  and  the  under- 
ground waters  seeking  the  same  destination  by  another  route. 

Before  the  Devils  Gate  developments  were  undertaken,  some  of 
the  surplus  unilerground  waters  w^hich  were  held  behind  this  Monk 
Hill  barrier  rose  to  the  surface  at  Devils  Gate  in  the  series  of  springs 
which  formed  one  of  the  important  original  sources  of  Pasadena 
water.  This  surplus  is  now  taken  out  by  the  tunnels  and  wells  anil 
the  springs  have  ceased  to  flow.  It  is  safe  to  say  also  that  more 
water  may  be  continuously  developed  by  this  system  than  the 
springs  originally  yielded,  because  much  was  lost  by  evaporation  in 
the  moist  lands  about  the  springs  under  the  original  conditions,  and 
also  because  a  part  of  the  surplus  which  originally  no  doubt  found  its 
way  eastward  around  Monk  Hill  is  probably  now  brought  out  bv 
way  of  the  tunnels  and  wells.  At  the  Sheep  Corral  springs,  as  at 
Devils  Gate,  Arroyo  Seco  cuts  through  a  spur  of  the  San  Rafael 
Hills  so  that  its  canyim  becomes  narrow,  with  rock  walls  and  bottom 
impermeable  to  percolating  waters.  These  waters  are  thus  forced 
to  the  surface — or  were  before  they  w^ere  intercepted  by  develop- 
ment work — and  appeared  as  springs.  The  situation  is  less  favor- 
able here  than  at  Devils  Gate  because  the  Monk  Hill  bed-rock  ridire 
deflects  much  of  the  ground  w^aters  eastward  awayfrom  Sheep  Corral. 
and  it  is  probable  that  the  developments  there  are  supplied  in  an 
important  measure,  perhaps  almost  entirely,  by  those  Arroyo  Setv 
flo(Kl  waters  which  are  absorbed  in  the  wide  part  of  the  arroyo  whirl; 
lies  between  Devils  Gate  and  Sheep  Corral.  At  both  points  sul»- 
merged  dams  have  been  built  to  bed  rock  across  the  narrow  part  nf 
the  arroyo  to  hold  back  the  underground  waters  or  to  force  them  to 
the  surface.     (PI.  II,  B,) 

One  of  the  group  of  four  w-ells  belonging  to  the  East  Pasadena 
Land  and  Water  Company  on  Franklin  avenue  and  California  stret*i 
is  736  feet  deep,  its  bottom  being  almost  at  sea  level.  It  is  nearh 
a  mile  north  of  the  dike  and  in  its  record  there  is  no  trace  either  «•: 
the  sandstone  which  underlies  Raymond  Hill  or  of  the  crystalline 
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X"ocks  which  appear  in  the  vicinity  of  the  Sheep  Corral  springs.  Sand, 
C3la3^,  and  gravel,  such  as  constitute  the  general  basin  filling,  are 
reported  clear  to  the  bottom  of  the   boring.  «  5  c;  g;? 

The  deepest  well  reported  in  the  Pasadena 
neighborhood  is  one  drilled  on  the  Huriburt 
place  near  the  south  end  of  the  city,  just  east 
of  Orange  Grove  avenue.     The  depth  given  is 
1,300  feet,  and  it  is  stated  that  much  of  this 
distance  was  bored  through  ' '  granite. ^ ^     Details 
are  not  available,  however,  and  as  the  well  is 
near  the  western  border  of  the  basin,  where 
l>ed  rock  is  to  be  expected  at  comparatively 
shallow  depths,  it  has  no  especial  significance. 
A  few  of  the  wells  drilled  near  Raymond  Hill, 
as  for  instance  No.  53,  belonging  to  the  Euclid 
Avenue  Water  Company;  No.  448,  belonging 
to  the  Pasadena  Land  and  Water  Company, 
and  No.  449,  of  the   Graves  &  Bean  system, 
reach  the  shale  or  sandstone  which  appears  at 
the  surface  about  Raymond  Hill,  but  is  buried 
farther  east.     Other  wells  drilled  farther  east 
along  the   dike,  while   numerous,  are  usually 
shallow,  do  not  reveal  the  existence  of  bed  rock, 
and  throw  comparatively  little  light  on  under- 
ground conditions.     If  the  consolidated  sand- 
stone and  shale  beds  continue  to  form  the  core 
of  the  dike  in  this  direction,  they  lie  deeper 
than  the  drill  has  yet  reached.     But  the  dike 
is  none  the  less  efficient  as  a  dam,  and  even 
in  those  areas  where  the  only  surface  outcrops 
are  unconsolidated  gravels  a  comparison  of  the 
water  levels  above  and  below  its  line  indicates 
that  clays  or  other  impervious  materials  must 
form  its  axis.     Folds  of  this  character  in  beds 
which  are  very  recent  are  not  at  all  unusual  in 
this  part  of  the  State,  and  they  have  an  impor- 
tant and  significant  relation  to  several  of  the       I 
most  prominent  artesian  areas.     The  San  Ber-       9. 
nardino  artesian  belt,  for  example,  is  limited       -"• 
on  the  downstream  side  by  the  Bunker  Ilill       ^^ 
'*dike,''  an  anticline  in  late  clays  very  similar       f 
to  that  which  extends  eastward  from  Raymond       i 
Hill.     The   great    coastal-plain    basin   also   is 

Umited  on  its  seaward  side  by  a  broad  broken  ridge,  which  is  the 
surface  expression  of  a  gentle  arch  in  the  coastal-plain  sediments. 
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All  these  j^^entle  anticlines  are  very  late  features,  geologrically,  sdq 
are  most  important  factors  in  the  storage  and  development  of  Cali- 
fornia ground  waters. 

FLUCTUATIONS  IN  GROUND- WATER  LEVELS. 
EVIDENT    EFFECTS. 

It  is  probable  that  ground-water  levels  in  the  basins  of  southern 
California  were  highest  in  the  early  nineties,  at  the  end  of  the  deoadr 
of  heavj'  rainfall  which  included  the  exceptional  seasons  of  1883-S4. 
1885-86,  1889-90,  and  1892-93.  The  recurring  wet  winters  of  thi- 
period  and  the  fact  that  at  that  time  comparatively  b'ttle  develop- 
ment of  underground  waters  had  been  undertaken,  so  that  there 
was  practically  no  artificial  drainage,  were  favorable  conditions  for 
raising  the  saturation  level  of  the  sands  and  gravels. 

The  southern  California  artesian  areas  occur  in  the  subterraneaD 
basins  wherever  a  favorable  alternation  of  coarse  and  fine  material, 
a  sufficient  water  supply,  and  a  barrier  against  which  the  waters 
can  accumulate  are  found  together.  These  favoring  circumstances 
are  to  be  sought  along  the- lower  edge  of  the  various  basins,  nearlv 
all  of  which  contain  areas  that  yield  such  flowing  waters.  The  great- 
est combined  area  of  the  artesian  water-bearing  lands  in  southern 
California  was  375  s([uare  miles,  and  while  a  very  definite  date  can 
not  be  fixed  for  this  maximum,  it  probably  occurred  in  the  early 
nineties.  By  1904  there  had  been  a  contraction  of  one-third — to  250 
square  rmles.  Much  of  tliis  contraction  was  due  to  the  lessened  rain- 
fall of  the  last  six  or  seven  years  of  the  nineties,  but  inasmuch  a>, 
in  some  of  the  l)asins  at  least,  shrinkage  continued  during  the  four 
years  following  1900,  when  the  rainfall  throughout  southern  Cali- 
fornia was  about  equal  to  the  average,  tliis  shrinkage  must  be  attrib- 
uted in  part  to  drainage  of  the  reservoirs  by  pumping  plants  and 
artesian  wells. 

Ground-water  levels  in  the  various  basins  offer  better  evidence 
than  changes  in  artesian  areas  as  to  the  effect  of  drought  and 
development  on  the  level  of  the  plane  of  saturation.  For  certain 
areas  outside  of  the  foothill  belt  such  evidence  of  this  character  as 
is  available  has  been  discussed  in  preceding  reports.**  It  may  be 
stated  here,  however,  that  records  kept  by  Mr.  Neff,  near  Anaheim, 
indicate  that  in  that  particular  region  the  undergroimd  waters  are 
being  drawn  out  by  the  numerous  pumping  plants  more  rapidly 
than  they  are  restored  by  natural  processes  during  years  of  more 
than  average  rainfall.     A  similar  conclusion  is  forced  on  the  student 

a  Water-Sup.  and  Irr.  Papers  Nos.  137, 138, 130,  and  142,  U.  S.  Geol.  Survey,  1905. 
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of  conditions  in  the  San  Bernardino  Valley,  where  I  he  .artesian  basin 
is  smaller  and  somewhat  more  complete  records  are  available.'' 

In  the  foolliill  belt  no  long-continued  observations  of  ground- 
water levels  have  been  made.  A  series  of  such  observations  has  been 
begun  by  the  United  States  Geological  Survey,  and  in  time  they 
will  furnish  accurate  criteria  from  which  to  judge  the  effects  of  the 
intensive  development  which  the  favorable  character  of  the  citrus 
lands  there  has  induced.  As  yet  no  far-reacliing  conclusions  can  be 
drawn  from  them,  but  such  evidence  as  they  present  vdW  be  discussed. 

Although  in  this  area  continuous  measurements  on  ground-water 
levels  are  not  to  be  had,  certain  important  facts  in  the  historj^  of 
the  artesian  belts  are  available.  In  the  first  place  it  needs  to  be 
reiterated  that  various  parts  of  the  foothill  belt  constitute  separate 
and  independent  water  basins,  and  that  the  fluctuation  of  the  ground- 
water levels  in  each  of  these  basins  depends  on  local  rainfall  or  con- 
tributing local  run-off  and  local  developments,  and  is  not  necessarily 
similar  to  the  fluctuation  in  an  adjacent  area.  Thus  the  Ciicamonga 
Plains  east  of  the  San  Jose  Hills  are  to  be  regarded  as  one  province, 
San  Dimas  Wash  as  another,  the  lower.  San  Gabriel  basin  about 
Elmonte  and  Bassett  as  another,  the  North  Pasadena  Basin  above 
Devils  Gate  as  another,  and  the  lower  Pasadena  Basin  above  the 
Raymond  Hill  **dike''  as  still  another.  The  developments  in  some 
of  these  basins  may  affect  the  supply  somewhat  in  others,  but  this 
effect  is  on  the  whole  slight.  For  instance,  excess  waters  from  both 
the  Pasadena  basins  and  from  San  Dimas  Wash  have  always  drained 
toward  the  Elmonte  basin,  and  have  made  small  contributions  to 
the  supply  there,  but  inasmuch  as  far  the  greater  part  of  this 
supply  comes  directly  from  San  Gabriel  Canyon,  the  effect  on  the 
Elmonte  water  levels  of  developments  at  Devils  Gate  or  San  Dimas 
is  negligible.  A  more  pronounced  effect  of  this  sort  is  to  be  observed 
in  the  result  in  the  San  Jose  Valley  of  developments  in  the  old  Palo- 
mares  ci^naga  above  Pomona.  At  a  time  preceding  the  settlement 
of  the  valley  San  Jose  Creek  w^as  a  summer  stream,  fed  by  the  waters 
which  rose  as  springs  in  this  ci6naga.  After  the  settlement  these 
waters  were  diverted  for  irrigation,  and  San  Jose  Valley  was  thus 
deprived  of  a  part  of  its  normal  supply.  Similarly  all  developments 
in  the  San  Dimas  pass  about  I^ordsburg  probably  affect  in  a  small 
but  indeterminable  measure  the  ground-water  supply  east  and  west 
of  that  locality,  in  areas  toward  wliich  these  waters  would  drain  if 
not  disturbed.  All  of  these  effects  are  in  part,  and  some,  perhaps, 
are  wholly,  neutralized  by  the  return  waters  which  seep  (h)wn  from 
the  irrigated  lands. 

a  Water-Sup.  and  Irr.  Paper  No.  142,  U.  S.  Geol.  Sun'ey.  liW5,  pp.  o>t~iu. 
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The  ])rLncipal  ori^nal  artesian  areas  of  the  foothill  belt  were  the 
Pajsailona  Basin,  a  lon^,  narrow  area  just  above  the  Raymond  "dike;" 
the  area  3  miles  south  of  San  Gabriel,  in  which  were  three  or  four 
weak  flowing  wells ;  the  Palomares  ci^na^a,  above  the  eastern  point  of 
the  San  Jose  Hills;  the  Del  Monte  and  Martin  ci6nagas,  near  Qare- 
mont,  ami  the  **east''  and  '*west"  ci^nagas,  in  the  Red  Hills.  Water 
ris<»s  to  the  surface  naturally  in  but  two  of  these  areas  at  present; 
in  the  others  a  heavy  lift  is  required  to  bring  it  out  to  the  level  of 
the  heads  of  the  ditches.  The  effect  of  development  and  drought 
here  is  even  more  pronounced  than  that  observed  in  the  coastal 
plain  or  the  San  Bernardino  Valley,  where  continuous  measurements 
of  the  decline  in  ground-water  levels  indicate  that  drafts  at  present 
are  excessive.  In  the  Palomares  ciSnaga  water  rose  to  the  surface 
as  late  as  1900  in  some  of  the  stronger  wells,  and  much  artesian  water 
was  available  there  two  or  three  years  before  tliis  date.  In  1005 
the  ground-water  level  in  the  heart  of  the  old  area  of  flow  was 
35  feet  or  40  feet  below  the  surface,  and  in  some  of  the  wells  wliich 
were  once  artesian  the  water  stood  60  or  70  feet  below  the  surface. 
Timnels  at  50  to  100  feet  below  the  surface  now  tap  the  waters  of 
the  Etust  and  West  ci^nagas  in  the  Red  Hills  district,  and  the  gravity 
flow,  even  at  these  levels,  is  small. 

MEASUREMENTS. 

In  order  to  obtain  definite  data  on  these  phenomena  of  chan^g 
water  levels  the  United  States  Geological  Survey  has  selected  a 
number  of  wells  in  various  localities  for  regular  measurement. 

WELLS  HSAB  POHOHA. 

In  the  vicinity  of  Pomona  two  wells  thus  selected  belong  to  the 
Gird  group  near  the  east  end  of  the  old  Palomares  ci^naga.  The 
mea^surements  thus  far  made  are  given  below. 

Measiircnirnts  of  fluctuation  of  water  level  in  wells  near  east  ena  of  old  Palomares  citnaga. 


Date. 


Sopt^nilxT  7. . 
OcfolK'rri.  .. 
N()v«'iiilH»r  1<). 
IHt'eiulxT  13.. 


Jammrv  11 .. 
F«'bninrv  '3). 

March  10 

April  14 

Miiy  17 

Jiiiic  "22 

July2() 


Dt»pth  to  water. 

Well  No.  1  Well  No. 
284.      I      299. 


Ft.  in. 
75  2 
75      4i 

74 
74 


f,8 

m 

65 
fi3 
62 

70 


FU  in.  I 

76  2 

77  2 


6 
3 

76 
76 

5i 
2i 

lOi 

70 

5 

1 
11 

67 
67 

8 

5i 

7 

11 

65 

11 

64 

5 

8 

(i8 

2 

10 

72 

8 

■  Depth  to  water 
^*^-                       !  Well  No. '  \\>\\  Siv 

2S4.  ay. 

1905— Continued.  i  pt  in  •  Ff.  is- 

August  16 '  71*  11  73     V 

September  21 1  73     5  75    3 

Novemberll 70     4i  TI     5 

December  20 '  t)7  <?»    ^ 

1906. 

January  26 64     9  6S    ^ 

MarohH I  fi2    10  (.7    * 

Mays 62     5  <.2      i 

June  26 64     5  65    1" 

August  1 1  67  fvi     I 

September  24 67       J  t*    ^ 

DecemberlO 64     3l  to    ^ 
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These  two  wells  are  near  together  and  their  measurements  are 
very  similar  throughout.  Each  shows  a  gain  between  the  Septem- 
ber measurements  of  1904  and  1905,  and  a  more  pronounced  gain 
when  the  water  level  in  September,  1906,  is  compared  with  that  of 
September,  1905.  The  period  spanned  by  the  measurements  includes 
only  two  high-water  dates — May,  1905,  and  May,  1906 — and  a  slight 
j^ain  is  indicated  at  the  later  period,  the  gain  being  more  pronounced 
in  well  No.  299  than  in  its  neighbor.  Well  No.  284  is  within  100  feet 
of  one  of  the  Gird  wells  which  flowed  until  1896.  The  sharp  rise  in 
the  water  plane  in  these  wells  between  the  measurements  of  Decem- 
ber, 1904,  and  January,  1905,  is  probably  to  be  attributed  to  the  ces- 
sation of  pumping  in  the  vicinity  at  this  time;  and  the  almost  equally 
sharp  fall  between  the  May  and  June  measurements  of  the  following 
spring  marks  the  vigorous  opening  of  the  summer  pumping  season. 
If  any  two  dates  a  year  apart  are  selected  in  the  table,  it  is  seen  that 
the  water  level  has  risen  by  amounts  ranging  from  a  few  inches  to  as 
much  as  7  feet  in  the  interval,  so  that  in  this  part  of  the  basin  the  heavy 
rainfall  of  1904-5  and  1905-6  has  resulted  in  a  marked  improvement 
in  conditions.  As  the  water  level  fell  at  an  average  rate  of  7  to  8 
feet  per  year  during  the  decade  from  1896  to  1906,  improvement  is 
welcomed. 

A  well  near  the  western  edge  of  Pomona,  owned  by  B.  Linnas- 
truth  (No.  12,  Pomona  quadrangle),  has  been  measured  since  Decem- 
ber 19,  1904.     The  results  are  as  follows: 

MeasuremenU  of  fluctuation  of  ivcUer  level  in  Linnastruth  veil,  near  Pomona. 

VifLtP  ;  Depth  to  I  j3  ^  Depth  to 

^'*^-  water.  ^^^'  water. 


1904.  Ft.  in. 

D*wmbe«rU 90  6i 

1905. 

January  12 ,  90  %  \\                               1906. 

February21 1  91      1      ^^       '   "" 

April  15 ,  91      5 

May  17 ,  91  6i 

.Iune22 92 

July21 92  lOi 


1905— Continued.  |     p^     ^^ 

November  12 93     4 

December21 1       93     6 


March  15 92 

May  9 1       94 

June  27 93 


August  2. 
September  25. 


September23 93     6  u  December  11. 


95 


Tliis  well  is  unfavorably  situated,  in  that  it  lies  below  the  majority 
of  the  strong  pumping  plants  of  the  Pomona  neighborhood  and  away 
from  the  storm-water  channels,  so  that  it  gets  the  full  adverse  effect 
of  heavy  pumping  and  but  little  of  the  beneficial  effect  of  the  flow 
in  the  flood  channels.  The  result  is  that  there  has  been  an  almost 
uniform  slow  decline  since  the  beginning  of  measurements ;  the  water 
plane  in  December,  1906,  being  4  feet  7i  inches  lower  than  in 
December,  1904.  During  only  four  of  the  thirteen  intervals  between 
measurements  was  there  any  recovery  whatever,  and  the  greatest  of 
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thes(\  which  took  placo  botwoen  tho  May  and  June  measuremenU. 
HMM>,  rojristors  an  iniprovpuiont  of  only  1  foot. 

WILLS  KXAB  BAH  DIMA£. 

In  tho  years  following:  1S96  San  Dimas  Wa^h  attracted  attention 
because  of  the  ease  with  which  water  could  l>e  <leveloped  in  it,  ami 
becaus<»  of  its  elevation,  which  made  it  possible  to  conduct  the  water 
by  jijravity  to  the  citrus  lands  in  the  Glendora  and  Covina  neighbor- 
hoods. In  1S06,  when  the  first  plant  was  installed  by  J.  O.  Enell. 
the  jrround-water  level  was  within  44  feet  of  the  surface;  but  wiiii 
the  continued  installation  of  plants  and  continuous  pumpinsj  during; 
the  dry  years  the  water  plane  was  drawn  down  to  about  135  feet  in 
1005,  and  when  all  the  pumping  plants  are  operating,  it  may  be  tem- 
porarily lowered  below  200  feet  in  this  immediate  vicinity.  Details 
of  this  decline  are  not  available.  United  States  Geological  Survey 
measurements  have  been  maintained  about  two  years,  and  they 
indicate  that  during  that  time  there  has  been  a  gratifying  improve- 
ment in  conditions  in  the  wash,  due  directly  to  the  increased  rain- 
fall within  the  San  Dimas  watershed  and  the  consequent  added  quan- 
tity of  water  which  has  been  absorbed  by  the  gravels  there,  and  to 
the  increase  in  gravity  waters  in  other  near-by  canyons.  Since 
many  of  the  irrigating  systems  use  pumped  water  only  to  augment 
their  gravity  supply,  this  increase  has  greatly  reduced  the  drafts  on 
the  San  Dimas  basin  by  the  pumping  plants  established  there. 

One  of  the  wells  selected  for  measurement  (Xo.  246,  Pomona  quad- 
rangle), belcmgs  to  E.  Firth,  and  is  situated  half  a  mile  west  of  the  prin- 
cipal group  of  pumping  stations  and  about  50  feet  below  them.  It 
is  far  enough  away  from  them  not  to  be  greatly  affected  by  the  fluc- 
tuations due  to  the  starting  and  stopping  of  pumps,  and  so  records 
the  general  rise  and  fall  of  the  ground-water  level.  The  record  is  a.^ 
follows: 

}f((is'ininnits  of  Jhict nation  of  water  Ivrcl  in  Firth  wdl. 


Date                                    Deptlito                                   .,  Depth  lo 

UKM.  Ft.  in.                       1Q03- Continued.  Fr.  '» 

S(>ptonibT7 110  fiA  August  16 10.5  D 

Oct^.br:     Ill  7  St'pt^mbtT  21 !<*•  "1 

NovciiiUt  If) 113  2  November  11 H>*  1.' 

I).'(viiiIht  13 113  11^  I)ecember20 1C9  ' 

\\n'>.  I  1906. 

Junuarv  11 114  KA  January  27 KT  '; 

F»'l>ruarv2(>  113  11  March  15 10^  - 

Maniui 113  7  May8 ^:l•' 

April  14 1  106  10  June26 «  1' 

Mav  17 104  9  I  August  1 «114  -^ 

Junv2-J 104  4  St?ptember24 T. 97  4, 

July  Ji» 105  6  DtwmberlO *  1' 


a  Pumping. 
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A  comparison  of  September  measurements  in  this  well  indicates  a 
ga.in  of  4  feet  between  1904  and  1905,  and  a  gain  of  over  9  feet  between 
1905  and  1906,  or  a  total  of  13  feet  for  the  two  years.  The  lowest 
period  foUowdng  the  summer  of  1904,  however,  was  not  reached  until 
January,  1905,  and  that  of  the  succeeding  season  came  in  December. 
A  comparison  of  these  two  dates  indicates  a  gain  of  somewhat  more 
than  5J  feet  in  the  interval. 

If  we  accept  the  September  measurements  of  1904  and  1906,  wth 
their  recorded  recovery  of  13  feet,  as  inchcating  fairly  the  improve- 
ment in  conditions  during  these  two  years  of  heavy  rainfall,  and  re- 
gard the  decHne  between  1896  and  1904  as  aggregating  about  65  feet, 
the  greater  part  of  wliich  took  place  in  the  latter  part  of  the  interval, 
we  reach  the  conchision  that  ten  years  of  rainfall  as  heavy  as  that 
of  the  last  two  seasons  will  restore  the  underground  waters  to  their 
original  level.  Even  during  these  two  years  of  heavy  rainfall,  how- 
ever, not  all  wells  in  the  vicinity  exhibit  so  marked  a  recovery,  as 
is  evident  from  the  following  record  of  the  Azusa  Irrigating  Com- 
pany's well  (No.  251,  Pomona  quadrangle): 

Measuremaits  ofjluctuations  of  water  level  in  Azusa  Irrigating  Company's  well. 


Date  Dopthto  j^  ,  Depth  to 

^^^^'  I    wttter.  ^^^-  water. 


1904.  I     Ft.  in.    ;  1905-Continucd.  p,    ._ 

S^SJ^^k::::::::;:::::::::::::;:::::'  11?  r^fp-/-- Ti 


Decemberl3 98    11 


January  11 

190,=;. 

99 

1 

February  20. . . 

9S 

4 

March  11 

97 

4 

April  14 

95 

fi 

May  17 

94 

3 

June  22 

94 

1 

July  20. 

95 

4 

August  16 

% 

4 

November  11 98 

December  20 99 

1906. 

Janiiarv27 97  10 

Marchis 97  2 

MuvS ;  93  2 

June  26 91  IJ 

August  1 92  4 

Seplombor24 98  7i 

December  10 100  11 


This  well  is  about  one-half  mile  southwest  of  the  Firth  well,  is  far- 
ther from  the  storm-water  channel  and  from  the  big  pumping  plants, 
and  is  consequently  expected  to  exhil)it  less  marked  fluctuations. 
There  was  but  1  inch  diO'erence  between  the  low-water  periods  fol- 
lowing the  summers  of  1904  and  1905;  but  the  low-water  period  of 
1906  is  1  foot  11  inches  below  that  of  the  preceding  fall.  The  Sep- 
tember measurement  in  1906  shows  a  loss  over  that  of  1905,  and  the 
latter  a  slight  loss  over  the  October  measurement  of  1904.  The  high- 
water  period  of  June,  1906,  however,  shows  a  recovery  of  3  feet  as 
compared  with  that  of  June,  1905.  There  is  a  slight  net  loss  in  the 
two  years  of  observations,  but  as  measurements  are  made  at  consid- 
erable intervals,  with  a  resulting  improbability  that  either  the  liighest 
or  the  lowest  water  periods  are  detected,  it  may  be  said  in  a  general 
way  that  this  well  is  just  about  holding  its  own. 
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Twt)  Other  observation  wells  (Xos.  144  and  149,  Pomona  quatl- 
rangle),  belonging  respectively  to  William  Ferry  and  Sidney  Deacon 
and  located  1  i  to  2  miles  southwest  of  San  Dimas,  show  somewhat 
different  re^sults.     Their  record  is  given  below. 

Measurements  of  Jhiel nations  of  uatrr  level  in  wells  near  San  Dimas. 


Date. 

1904. 

Octol>er7 

NovemlHT  Ifi 

I>ep 

We 

No,l 

Ft. 

199 

199 

th  tr 

11 
44. 

in. 

K 
10 

104 

»4 

s 

4 

►  water. 

Well 
No.  149. 

Ft.  in. 

124  3 
124 

199 

124 

v.m. 

January  11 

199 

123      6 

Fpbruarv  21 

Mairh  10 

199 

199 

123  5 
127 

Apni  14 

Mav  17 

200 

12.'>  8 
124      8 

Juno  22 

3n\\  Si 

200 

200 

7 

1-25      Ij 

August  lt» 

200 

125      5 

Date. 


Depth  to  mtn. 
Well        w«*a 

No.  144.      Na  i©. 


1905  -Continued-  ^  Ft    in       Ft  ia. 

Septemher21 !  3o6     7  '    125      7 

NovemlwrU 201         ,    136 

,    Dciceml)er20 1  201 

1906. 

Jannarv  27 ,  2DI 

'.  March  15 1  301 

MayM 201 

June  2R 201 

I    Augusti 201 

'    Septeraber24 |  201 

Deceinl»er  10 302 


3  ,    134      6 

3|  124  3 
2 

5J     124      ^' 

9    

74    

4  '         

The  water  levels  in  these  wells  exhibit  but  little  variation,  but  such 
changes  as  have  taken  place  have  been  in  the  direction  of  loss,  the 
fall  measurements  of  1905  and  1906  being  in  each  case  about  1  foot 
low^er  than  those  of  the  preceding  year.  In  the  Deacon  well  (Xo.  149) 
the  fall  measurements  for  1906  were  interfered  with  by  an  abnormal 
rise,  probably  due  to  the  inflow  of  surface  w^ater;  but  the  1905 
measurements  indicate  a  loss  as  compared  with  those  of  1904,  and 
the  high-water  measurements  one  year  apart  indicate  the  same  con- 
dition. Both  of  these  wells  are  some  distance  from  any  of  the  washes 
through  which  the  ground  waters  are  replenished;  therefore  they 
exhibit  but  slight  monthly  and  annual  fluctuations.  The  slow  wave 
of  percolating  waters,  which  starts  from  the  washes  in  all  direc- 
tions through  the  gravels,  with  each  winter's  floods,  is  very  flat 
indeed  before  it  reaches  these  more  distant  wells.  Its  maximum 
height  in  the  Ferry  w-cll  was  2J  inches,  reached  in  February,  1905. 
In  the  Deacon  well  tliis  crest  was  10  inches  above  the  low  level 
reached  during  the  previous  October. 

WELLS  HEAB  VmSLAHD. 

Two  wells  at  Vineland,  near  San  Gabriel  Wash,  show  this  wave  of 
percolating  water  much  more  strongly  developed.  In  a  case  of  this 
kind,  where  the  annual  fluctuations  are  violent,  long  records  are 
necessary  before  accurate  conclusions  can  be  drawn.  In  such  short 
records  as  we  now-  have,  general  movements  of  the  water  plane  up 
or  dowai  are  obscured  by  the  great  range  of  the  seasonal  fluctuations. 
On  the  face  of  these  records,  however,  a  distinct  net  gain  is  observed. 
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Measurenienls  of  Jluctuations  of  water  level  in  wells  at  Vineland. 


Date. 


Depth  to  water. 

Well 
No.  87. 


1904.  Ft.  in.  i 

December  14 i  104  1 

1906. 

January  12 104  6 

February21 i  102  10 

March  10. 98  9 

April  15 93  11 

May  17 90  8  , 

June22 90  11 

July21 91  4 

August  16 92  2 

Sept«inber20 93  9 


No. 

88. 

fi. 

in. 

93 

10 

93 

6 

91 

5 

87 

6 

82 

7 

78 

10 

79 

4 

79 

10 

81 

4 

82 

10 

Date. 


1905-  Continued. 


I  November  12. 
December  21 . . 


Depth  to  water. 


WeU 
No.  87. 


Well 

No.  88. 


Ft.  in.     Ft.    in. 


95 
96 


\9m. 


97 
95 


January  27 
March  15. . . 

May  8 

June  27 

August  1 82    11 

Septeniber25 85    11 

December  11 88    10 


81 


84 
85 


86  5 

71  10 

70  3 
69 

75  1) 

78  7 


The  recovery  in  each  of  these  wells  for  the  two  years  of  observa- 
tion was  7  or  8  feet  annually,  with  a  net  gain  for  the  period  of  15  feet 
8  inches.  Not  only  are  the  recoveries  rapid  and  of  great  magnitude, 
but  the  annual  fluctuations  exhibit  the  wide  range  of  7  to  15  feet. 

WELL8  HEAB  LOBDSBtTBG. 

Two  record  wells  on  the  mesa  northeast  and  northwest  of  Lords- 
burg,  belonging  to  F.  H.  Massey  and  Charles  Alley  (Nos.  67  and  250, 
Pomona  quadrangle),  are  measured  regularly.  They  serve  to  record 
conditions  on  these  valuable  bench  lands,  where  water  developments 
have  been  extensive  of  late  years. 

Measurements  of  fluctuations  of  water  level  in  wells  on  bench  lands  near  Lordsburg. 


Depth  to  water. 


Depth  to  water. 


Date. 


Well 

No.  67. 


\^ell 
No.  2«). 


1904.  I     Ft.  in.  Ft.  in. 

f>ctober7 | '  14.1      4 

Noveml)erl6 199      1  14fi    10 

December  13 199      3  146    10  i 


1905.  I 

January  11 '  19 

Febniary20. 199 

March  11 ,  139 

April  14 1  200 

May  17 11>9 

Jime22 19<) 

July20. I  200 

August  16. 199 


Date. 


1905— Continued. 


Well 

No.  67. 


Well 
No.  250. 


I  Ft.  in. 

September  21 200 

NovemlKTll 202    10 

Dpceml)er20 200    11 


11 

1<6 

9 

lOJ 

147 

^ 

9 

147 

fyh 

147 

11 

«l.-)2 

4 

K6 

8 

2 

lf;0 

8 

9 

1^0 

i 

1C06. 


January  27 201 

March  15 200 

Mav  8 198 

June  2») 197 

August  1 ■  196 


Soptember  24. 
December  10. 


197 
197 


Ft. 

in. 

l.W 

11 

152 

7 

152 

151 

r^h 

149 

2* 

149 

6 

149 
153 

1 

154 

4 

154 

7 

"Pumping. 

The  record  of  well  No.  67  is  rather  erratic  within  narrow  limits, 
probably  because  of  variations  in  the  pumping  in  its  vicinity,  yet  gen- 
eral tendencies  are  discernible.  A  comparison  of  the  water  levels 
during  the  autumn  months  of  1904  with  a  corresponding  period  in 
1905  indicates  a  slight  loss  of  1  to  3  feet,  but  when  the  1905  and  1906 
measurements  are  compared  in  the  same  way  a  distinct  gain  of  2i  to 
5  feet  is  indicated,  the  net  result  for  the  tw-o  years  being  a  recovery 
of  1  to  3  feet. 
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Well  No.  250,  over  a  mile  farther  northwest  and  near  more  large 
pumpinj::  plants,  shows  a  decline  in  both  the  yearly  periods.  This 
decline  amounted  to  5  or  G  feet  for  the  interval  between  Xovember, 
1004,  and  Novem])er,  1905,  but  was  reduced  to  2  or  3  feet  for  the 
interval  from  LKH*einl)er,  1005,  to  December,  1906.  The  net  loss  in 
this  well  for  the  two  years  is  8  or  9  feet. 

WELLS  SOUTHEAST  07  POHOITA. 

The  proup  of  four  wells  here  discussed  lies  southeast  of  Pomona, 
toward  the  Chino  artesian  belt.  In  this  direction  the  water  plane  and 
the  land  surface  gradually  approach,  until  in  the  artesian  l)elt  they 
practically  coincide.  This  fact,  as  well  as  the  fluctuations  of  the 
water  table,  is  illustrated  by  the  following  measurements: 

^f^^li<(^^t.nn^t8  of  flmtnatioim  of  vater  level  in  wells  souOteast  of  Pomona. 


IH'pth  t<)  watiT. 


Won  No. , 
177.      I 


Well  No. 
201. 


WeU  No. 
IM. 


Well  N'a 

214. 


S<'i)t«M)ilw  r  "^ 

ll«»4. 

Ft. 

K9 

88 

in. 
10 

Nov'tiiUt  h> 

>''^ 

m 

10 
10 

I)<«CVIllb«T  13 

JiiTnirtry  11 

F«'l»ruurv  -  • 

1 ;»«:.. 

S8 

S9 

Man-li  m 

S9 

Vpril  14 

vS,> 

Mav  17 

.Iiin«'i'"J 

KX 

1] 

Ju\\  -yi)        

90 

,!' 

Aiu'ust  1 

\*>) 

s«j>t<'iiil>«T  :*«) 

DO 

•-^ 

N'f.M'iulK  r  1 1 

1«) 

n' 

|)rtt'iiilM'r  2'- 

9() 

(i 

Juiiuiirv  2m 

l.»\  . 

m 

(i 

Mmh  h  "U 

9") 

i\ 

\\'A>   \ 

SJ 

Aiit:ii«-t  I      

92 

? 

S«'lltrllll,.T  J4 

92 

? 

l)(H'('inlK*r  10 .•.. 

Ft.  i#*. 

"58  "91 

60  3 

60  tU 


rrf)  10 

♦ii    n 

t.l  4i 
tiO      8 

<;o  11  I 
()i     1 

oh2  11 

lii    i> 

fil  10 
ti2  4 
62      5 


Ft.  in. 

34  o 

3b  t\ 

34  10 

34  10 


34  9k 

34  74 
a3o  2 

32  10 

32  7 

33  t) 

35  4 
35 

35  f. 

35  S 

35  74 


3i 
1  ' 

1-i 

4  ; 

5 

4A 

11"! 


3i> 
35 
33 
34 
35 

36 


S      9 

3    10 
3     I 


2     5 


2     W 

I    : 


12  li' 

12  ^ 

11  I'!. 

4  '>': 

4  1 


o  Pumpinff. 

Each  of  the  wells  of  this  'Troup  shows  a  distinct  though  usually  slight 
decline  wh(*n  c()nosj)()!uling  (hitos  one  year  apart  arc  compared.  One 
exception  to  this  j-cncu-al  condition  appears  in  the  October,  1904,  meas- 
urement of  well  >so.  ISl.  No  measurements  were  made  in  October, 
100.'),  hut  t>i*(*^SoJ)t^nlbe^  and  November  measurements  of  that  year 
indicate  a  hijn^hcr  water  plane  than  on  October  G,  1904.  With  thk 
excei)tion,  however,  the  decline  is  jreneral.  The  explanation  is  prob- 
ably to  be  sour.^'lu  in  the  fact  that  all  these  wells  lie  below  the  Pomona 
dike,  above  which  waters  arc  so  extensively  pumped  that  but  little  of 
the  surplus  supplied  by  the  heavy  rains  of  1904-5  and  1905-6  ha.* 
escaped  to  this  area  farther  south. 

In  addition  to  this  general  tendency  toward  shrinkage,  exhibited  by 
all  of  the  wells,  No.  214,  very  close  to  the  edge  of  the  arte^^ian  basin. 
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shows  interesting  annual  fluctuations,  which  are  probably  due  in  part 
to  the  intense  evaporation  (hiring  the  heated  term,  as  well  as  to  pump- 
ing in  neighboring  wells.  From  January  to  May,  1905,  the  water  level 
in  this  well  was  but  IJ  to  2  J  feet  below  the  land  surface.  From  June 
to  September  of  the  same  year  it  stood  at  7  to  12  feet  below  the  sur- 
face. During  the  heated  term,  in  the  dry  atmosphere  of  this  district, 
evaporation  and  capillarity  act  with  great  force,  and  draw  the  ground 
water  from  depths  of  several  feet  to  discharge  it  as  vapor  into  the  air. 
This  action  is  probably  more  effective  in  depressing  the  water  table 
where  it  stood  initially  close  to  the  surface  than  the  drafts  made  in 
irrigation  during  the  summer  season. 

WELLS  HOBTHEAST  OF  POKONA. 

The  four  wells  of  which  measurements  are  given  in  the  subjoined 
table  are  located  northeast  of  Pomona,  two  of  them,  Nos.  242  and  300, 
just  south  of  the  Santa  Fe  Railway  tracks  and  three-fourths  of  a  mile 
east  of  Claremont,  and  the  other  two,  Nos.  265  and  265a,  in  the  vicin- 
ity of  Indian  Hill.  The  buried  ridge  of  red  clays  and  gravels  which 
extends  eastward  and  northeastward  from  the  point  of  the  San  Jose 
Hills,  and  whose  extent  beneath  the  gray  gravels  of  the  surface  wash 
is,  in  a  measure,  problematical,  introduces  in  the  wells  of  this  neigh- 
borhood an  element  of  ccmsiderable  uncertainty.  One  well  may  yield 
a  good  supply  of  water,  while  another  near  by,  which  happens  to  pene- 
trate this  older  alluvium,  will  be  dry;  or  the  water  level  may  stand 
at  a  certain  elevation  in  one  well  and  at  a  much  lower  or  higher  point 
in  an  adjacent  well  just  across  a  buried  ridge  or  ''dike''  of  these  dry 
gravels.  There  are  many  illustrations  in  the  area  northeast  of  Pomona 
of  erratic  conditions  of  this  kind. 

Measurements  of  JJ  net  nations  of  ivattr  Irvd  in  wells  northrmt  of  Pomona. 


I>rpth  to  water. 


'^**^^'-  I     Well  Well  Well     I     Well 

'  No.  242.     No.  .31XJ.     No.  2<  o.     No.  L(  h 


19()4.                                                   I  Ft.  in.      Ft.    in.  Ft.  in.  Ft.  in. 

Octoh«»r6 J.'H  :>       1.^7    10    ' 

Noveinl^er  1(> l.'>(>  2       l.-)4      ^  ».2  1  40  4^ 

December  13 hv>            i.Vi     21  oi  10  3y  7 

v.m. 

January  U l.Vi  l\     l.'A      .'>  (2  2  40  3i 

February  20 l.'.I  1       14;»  (.2  1  40  i 

March  10 l.-,0  2       147    10  (il  Ki]  3» 

April  14- Ms  7       14«;      7  .V.)  4  37  « 

May  17 l-i7  1       K.')      1  .".9  lA  .37  1 

June  22 14.S  7       lJ<i      .">  .".7  r/  X)  5 

Jiily20 j.'^)  10      i4i»     8  .57  ;r.  3 

August  111 laO  H        I'A)      H  .V.)  7  37  4 

Se^.teml)er21 i.')2  ( .\     \r,i      4  r>H  (>  ;j<s  3 

November  11 l.')2  1       i:»<»     8  M  4.\  3(5  3 

I)<»cember20 l.;y  1    .'■,7  3'  a'-,  7 

January  26 140  0    ,5fi  <;» 

March  14. 144  3    .k3  2]  m  3 

Mays 141  2      .-)4  4  32  0 

June  26 132  4    .W  ;u  31 

August  1 H«i  h       117  54  r 

-ii^nember  24 \4[)  h\ .')3  3A 

DcccmbcrlO 149  is   iHi  10 


31  115 
30  04 
33     lOi 
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Tliis  group,  lying  for  the  most  part  above  the  Pomona  dike,  con- 
trasts in  a  marked  way  with  the  group  last  discussed,  which  lies 
entirely  below  it.  The  three  wells  in  which  continuous  measure- 
ments have  been  maintained  for  two  years  all  show  substantial 
recoveries;  but,  curiously  enough,  the  recoveries  were  more  market! 
during  the  first  than  during  the  second  of  the  two  years.  Then* 
seems  to  have  been  no  cumulative  effect,  such  as  some  other  wells 
exhibit,  in  consequence  of  the  two  successive  years  of  hea^'y  rainfall. 
The  net  recoveries  for  the  period  from  December,  1904,  to  December, 
1906,  amount  to  5  or  6  feet  in  each  well. 

WELL8  IN  SAN  OABKIEL  SIVE&  BASIN. 

The  group  of  five  wells  here  discussed  lies  west  of  the  San  Gabriel 
River  in  the  lower  part  of  the  San  Gabriel  basin.  The  wells  are 
arranged  in  the  table  in  the  order  of  their  distance  from  the  river, 
which  is  the  principal  source  of  the  water  by  which  the  recharge  of 
the  basin  is  effected.  In  considering  these  measurements  it  is  well 
to  remember  that  the  lower  San  Gabriel  basin  has  one  of  the  best 
supplies  of  underground  water  in  this  part  of  the  State,  and  that  it 
has  not  been  too  heavily  drawn  upon,  as  is  true  of  many  other  moist - 
land  areas.  The  water  plane,  therefore,  was  not  depressed  excess- 
ively during  the  drj^  period.  Seasonal  fluctuations  normally  are 
not  as  great  in  the  Elmonte  region  as  at  points  like  Vineland,  liigher 
up  on  an  alluvial  fan,  but  are  greater  than  at  places  lower  ilo\,n, 
as  in  the  Paso  de  Bartolo,  for  example.  The  recoven"  which  the^^e 
wells  exhibit  is  regarded  rather  as  a  return  of  the  waters  to  their 
normal  levels,  and  an  elimination  of  the  effects  of  drought,  than  as  a 
replacement  of  waters  withdrawn  by  development. 

The  magnitude  of  the  seasonal  variations  and  the  amount  of  the 
net  gain  shown  in  these  wells  decrease  with  the  distance  from  8..:i 
Gabriel  River.  The  net  improvement,  only  the  December  measure- 
ments two  years  apart  being  coiisidered,  varies  from  10  inches  i:i 
well  No.  476  to  7  feet  9  inches  in  well  No.  164,  and  the  range  of 
annual  fluctuations  from  about  3  feet  to  6  or  8  feet. 

In  only  one  of  the  numerous  canals  heading  in  or  just  above  the 
Paso  de  Bartolo  and  depending  on  the  waters  that  rise  there  has  it 
been  necessary  to  install  pumping  machinery''  to  keep  up  the  supply 
during  the  dry  yeare  through  which  the  countrj"  has  passed,  aTid 
unless  there  are  further  extensive  developments  above  the  pass  the 
supply  to  these  canals,  which  now  receive  gravity  water,  should 
remain  sufficient.  It  is  indeed  possible  that  considerable  amounts 
of  water  could  be  withdrawal  from  the  Elmonte  field  by  pumping 
without  interfering  A\dth  the  supply  below,  because  a  slight  lowering 
of  the  water  plane,  where  it  stands  very  near  the  surface,  v.ould 
lessen  the  loss  by  evaporation  from  these  moist  lands  during  the 
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summer  months,  and  the  water  thus  saved  would  become  available 
for  irrigation.  It  can  be  saved  only  by  pumping  and  so  depressing 
the  surface  of  saturation. 

MeasureineiUs  of  Jlttciuations  of  water  level  in  wells  in  lower  imrt  of  /S'a?*  Gabriel  bagin. 


Oiile. 

WeU     , 

No.  164. 

November  H 

1904. 

Ft    in. 

Deceniber  9 -  -  - 

21      5i 

Depth  to  wat«r. 


Well 
No.  478. 


WeU 
No.  141. 


I     WeU 
No  470. 


WeU 
No.  107. 


Ft,    in.\    Ft.    in.     Ft.    in.     Ft.    in.     Ft.    in. 


22     5 

22     (H      16     2 


72    11 


Januar>'  ^ 

February  9 

March  17 

April  12 

May  10 

vFune  13 

July  12 

August  10 

September  13.. 
November  7.. . 
December  18. . 


21  5 

20  8 

17  10 

15  10 
14  8 
13  8 
13  9 
li)  9 

16  10 

17  3 
17  0 


22 
21 
20 
18 
16 


16    11 


1} 
3 

8 
2 

8 
6 

1 

4 

l\ 


20 
20 
19 

18 

17 

18 

18     I 

19 

20 

20 

21 


72  10 

73  0 


r2 

72 
«74 
73 
73 
74 
o75 


73      0 


January  24 — 

March  22 

May5 

June  25 

July  31 

September  20.. 
December  17.. 


17 
1.5 
12 
11 
12 


'I  Pumping. 


18      9i 
17      3 


14 
12 


13      8^ 
12      6 


12    IIV 
14      1 

14      7i 

I 


11 
11 


11  m 

12  2j 
11      9 


19    10 
18    11  , 


18 
18 
18 
19 
18 


76      2i 

72 

72 

72 

72 

72 

71 


WZLL8  or  PA8ADSHA  BASSf . 

The  wells  of  the  next  group  are  in  the  Pasadena  basin  above  the 
Raymond  Hill  dike.  They  are  in  a  region  in  which  there  is  relatively 
little  annual  fluctuation,  because  it  is  far  from  the  regular  flood 
channels  and  receives  its  general  supply  only  after  it  has  percolated 
long  distances  through  the  gravels.  The  well  of  the  group  which 
exhibits  the  annual  pulsations  most  clearly  is  No.  40a,  on  the  Titus 
ranch  at  Sunny  Slope.  This  well  is  in  the  old  artesian  basin,  and 
the  annual  variations  of  its  water  level  are  probably  due,  in  part  at 
least,  to  summer  evaporation,  as  in  the  well  above  Chino.  While 
the  record  of  tliis  well  is  short  and  somewhat  broken,  it  seems  to 
indicate  a  slight  gain.  The  record  of  No.  474  is  also  imperfect,  but 
indicates  an  improvement  in  conditions.  On  the  other  hand,  Nos. 
56  and  17  indicate  slight  net  losses  for  the  period  spanned  by  the 
measurements,  although  a  gain  of  2  inches  appears  for  the  last  year 
of  the  period  in  No.  17. 

47505— IBB  210—08 5 
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Measmrments  of  fl  net  nations  of  water  level  in  wells  i7i  Pasadena  basin. 

Depth  to  water. 

^*^^                                                 I     WeU          WeU          WcU  W«C 

'  No.  474-     No.  40a.      No.  36.  Xo.  i: 

1904.                                                      Ft.    in.      Ft.    in.'     Ft.     in.  Ft.     • 

Septemberi 44     3    '      73      3  122     - 

Octobers 44    10    73     10  122     J 

November « 44     0   73     11  122     7 

December  10 45      IJ       13     6        74      6  12?     '. 

190>'>. 

Jammrv4 43     li       10     41      74      fi  12!     i 

Febnjarv9 43      1          8     7  ,      74       4  122     .' 

March  17 43     0         8     6| 122     . 

April  12 39    11          7     8         73       8  122     J 

Mav  10 39      4          8      1         73       .">  122      - 

.Turiel3 11      6         73       .S  122      I 

Tlllv  12 41      9         16      1         74       O  123      3 

Aiiffust  10 19      2         74       5  V23      1 

September  13 16     2        75      O  124      ' 

November7 12    10        75      O  ,  124      ! 

DocemberW '      10     7-      75      9l  12S     7 

190ti. 

Jamiary24 41      •>  '      10     3    123     .%: 

March  22 41      0        10     0        74      6  123     -\ 

May:. 8     4       74     9  '  122:: 

June25 '      74      6  122     * 

July  10 41      2  ) 

.Iiilv  31 18      3         75      3i  123     ^ 

September  20 16     9}       76      1}  123    K« 

Decemberl7 14      4^       77      1  i  123     li 


SUIOIABY  OF  ESSXJLT8  OF  WATER-PLANS  XSASUBEKIRTS. 

The  wells  wliich  have  been  selected  for  ineasureinent  within  the 
foothill  belt  are  distributed  widely  over  it.  They  include  those  favor- 
ably situated  in  relation  to  pumped  areas  and  flood  channels  and 
those  less  favorably  situated.  They  represent  the  greater  number 
of  the  important  local  basins,  and  are  probably  to  be  dependent  on 
to  indicate  general  conditions  fairly.  Measurements  of  28  of  these 
wells  have  been  given  in  the  tables.  Fifteen  of  these  show  a  net 
gain  for  the  two-year  period  and  10  show  a  net  loss,  while  3  are 
indeterminate  because  of  incomplete  measurements.  The  year  from 
September,  1905,  to  September,  1906,  w^as  more  effective  than  the 
preceding  year  in  restoring  water  levels,  as  is  illustrated  by^  the 
fact  that  16  wells  showed  net  gains  for  1906,  while  net  losses  are 
registered  in  10,  2  being  indeterminate;  whereas  only  14  register  a 
gain  in  water  levels  in  1905,  and  an  equal  number  show  losses.  The 
gains,  as  has  been  indicated,  are  in  wells  situated  close  to  drainage 
lines,  and  the  losses  in  wells  farther  away  from  them.  Fortunately 
the  pumping  plants  of  the  more  important  systems  are  thus  favorably 
situated,  and  a  majority  of  them  are  gainers  by  the  partial  restora- 
tion of  water  levels  which  has  taken  place  within  the  past  two  years. 
A  smaller  number  are  not  within  the  belts  that  are  thus  favorably 
situated. 

On  the  whole,  while  there  has  been  a  definite  improvement  in  con- 
ditions in  some  of  the  basins  during  the  period  of  observations— a 
period  of  marked  excess  in  rainfall — the  fact  that  water  levels  have 
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continued  to  decline  steadily  in  others,  when  conditions  are  so  favor- 
able for  recovery,  indicates  excessive  drafts  in  these  latter  localities 
at  least.  The  general  conclusion  reached  two  years  ago,  that  there 
are  serious  overdrafts  on  the  ground  water-basins,  seems  to  be  sup- 
ported fully  by  the  more  abundant  evidence  now  available. 

IRRIGATION   ENTERPRISES. 

INTRODUCTION. 

In  1888  Wm.  Ham.  Hall,  State  engineer  of  California,  published  liis 
volume  on  "Irrigation  in  Southern  California. "  This  work  included 
an  account  of  the  organization  and  engineering  features  of  practically 
all  the  irrigation  enterprises  in  existence  in  the  southern  part  of  the 
State  at  that  time.  The  work  has  been  extremely  useful  to  all  who 
have  desired  to  gain  a  general  idea  of  irrigation  development  in  this 
part,  of  the  State.  In  the  foothill  belt  many  enterprises  have  been 
organized  since  the  publication  of  HalPs  work,  and  the  conditions 
under  which  some  of  the  older  ones  operate  have  been  altered  by 
reorganization  and  otherwise.  Especially  important  have  been  the 
development  of  ground  waters  and  the  organization  of  companies 
for  tliis  purpose,  or  the  extension  of  the  functions  of  older  gravity 
companies  to  enable  them  to  utilize  ground  waters. 

It  has  seemed  worth  while  to  present  with  this  volume  an  account  of 
the  more  important  irrigating  companies  now  operating  in  the  foothill 
belt.  For  the  eariier  history  of  those  enterprises  which  had  been 
organized  before  1888,  Hall's  volume  has  been  consulted.  For  devel- 
opments since,  including  the  organization  of  new  companies  as  well 
as  changes  in  the  older  ones,  various  sources  of  information  have  been 
utilized,  but  in  the  majority  of  cases  officers  of  the  companies  them- 
.selves  have  been  consulted. 

In  the  collection  of  this  material  the  writer  desires  to  acknowledge 
hLs  indebtedness  to  Mr.  W.  N.  White,  field  assistant,  who  gathered 
much  the  greater  part  of  the  information.  Acknowledgments  are 
due  also  to  many  engineers,  not  all  of  whom  it  is  possible  to  mention. 
Mr.  T.  D.  Allin  and  Mr.  E.  T.  Wright  have  been  consulted  especially. 

In  presenting  this  material  the  plan  followed  has  been  to  discuss 
the  companies  in  the  order  of  their  distribution  from  east  to  west 
along  the  foothill  belt.  Those  first  described,  therefore,  are  the 
Cucamonga  enterprises,  and  those  last  described  are  the  companies 
operating  in  Verdugo  Canyon. 

ETIWANDA  WATER  COMPANY. 

The  Etiwanda  Water  Company  controls  the  waters  of  Day  and 
Etiwanda  canyons  and  utiUzes  these  waters  in  the  irrigation  of  about 
1,200  acres  of  the  Etiwanda  colony  lands,  lying  from  IJ  to  4  miles 
north  of  the  Santa  Fe  Railwav  at  West  Etiwanda  station.     The 
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rights  of  the  company  date  back  to  a  number  of  filings  by  George  Day 
and  others  from  1867  to  1873.  These  rights  were  afterwards  consol- 
idated,  passed  through  several  transfers,  and  have  been  confinned 
in  a  number  of  suits. 

The  present  company  was  organized  by  CJeoi^  and  W.  B.  Chaffer 
in  1882.  It  is  capitahzed  at  $500,000,  divided  into  5,000  shares  at 
a  par  value  of  $100  each;  2,300  shares  have  been  issued,  and  the 
present  market  value  is  reported  to  be  about  $35  per  share.  The 
shares  are  not  appurtenant  to  the  land,  but  90  per  cent  of  them  arr 
held  by  irrigators,  of  whom  there  are  about  75  in  the  colon)'. 

As  the  colony  lands  were  originally  sold,  one  share  of  stock  in  the 
water  company  was  transferred  with  each  acre  of  land,  and  each  s 
shares  of  stock  entitled  the  owner  to  1  miner's  inch  of  water.  It  is 
customary'  to  deliver  the  water  monthly  in  36-inch  heads  to  each 
10-acre  tract,  this  giving  approximately  the  usual  duty  of  1  inch  t(» 
8  acres,  at  a  cost  to  the  irrigators  of  $1.45  per  acre  annually. 

The  water  is  brought  from  the  canyons  through  IJ  miles  of  V- 
shaped  wooden  flume  and  2  miles  of  10  and  12  inch  pipe  to  a  dis- 
tributing box  at  the  head  of  the  colony  lands.  Below  the  distributing 
box  are  about  20  miles  of  7  to  10  inch  pipe,  through  which  the  water 
is  ccmducted  to  the  individual  holdings.  The  reported  cost  of  the 
pipe  system  is  $23,000.  There  are  no  auxiliary  wells,  as  in  the  case 
of  many  modem  irrigation  systems  in  southern  California,  gnnmd 
waters  l)eneath  the  Etiwanda  district  being  too  deep  for  profitable 
development. 

Citrus  fruits  and  grapes  are  the  principal  crops  grown. 

Only  a  few  measurements  of  the  flow  from  Day  and  Etiwanda 
canyons  arc  available.  These  are  quoted  from  '*  Irrigation  in  South- 
ern California."  by  \Vm.  Ham.  Hall. 

Floir  luawurnnentft  in  Day  and  Etitranda  ranyan^. 

Miner's  inches 

Scptciub(T  1,  1882 224.  S 

July  15.  1884  (rnxm) 211 

July  15,  1885  (7  a.  m. ) 170 

August,  1885 50 

July  15,  1887 18f» 

July  15,  1888 «*  356 

July  16,  1888 *421.:U 

August,  1888 150 

HBRMOSA    WATER    COMPANY. 

The  next  important  irrigating  enteiprise  along  the  foothills  wet^t  of 
Etiwanda  is  that  of  the  Hemiosa  Water  Company.  Lying  along  thV 
.slope,  3  miles  from  Etiwanda  and  about  1  mile  north  of  Cucamonga. 

"  28  miner'8  inches  considered  a«  dereloped  water. 
t>  Calculated  from  slope  and  Mctlon  of  flume. 
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the  Hermosa  tract  originally  embraced  480  acres  of  land,  upon  which 
the  waters  of  Deer  Canyon  and  its  tributaries  are  used. 

The  Hermosa  Water  Gompan}'  was  organized  by  owners  of  realty 
who  had  purchased  lands  and  undivided  interests  in  the  waters  of 
Deer  Canyon  from  Adolph  Fetch  or  from  the  Hermosa  Land  and 
Water  Company,  oiganized  by  Petclrin  1H82.  The  water  company 
was  incorporated  in  October,  1887,  with  a  capital  stock  of  $192,000, 
divided  into  1,920  shares  with  a  par  value  of  $100  per  share.  Four 
shares  of  stock  were  issued  to  each  acre  of  the  original  tract,  and  each 
owner  received  a  share  of  the  available  water  proportional  to  his 
holdings  of  stock  and  acreage. 

For  many  years  the  canyon  flow  was  suHicient  for  the  needs  of  the 
colony,  but  after  the  dry  years  of  the  late  nineties  the  supply  from 
the  mountains  so  diminished  in  volume  that  it  became  necessary  to 
augment  it  from  some  other  source.  In  1901  the  company  pur- 
chaseil  80  acres  of  land  from  the  Cucamongjv  homestead,  one-half 
mile  north  and  west  of  the  Hermosa  tract,  sunk  a  well  on  this  property, 
and  installed  a  pumping  plant  (No.  56,  Cucanionga  quadrangle). 

The  water  from  Deer  Canyon  and  its  branches,  Calamity  and 
Hermosa  canyons,  is  collected  by  means  of  about  4  miles  of  2-,  8-,  and 
4-inch  pipe,  and  carried  out  of  the  canyon  and  down  the  slope,  a  dis- 
tance of  nearly  4  miles,  through  an  8-inch  cement  main,  to  a  reser- 
voir at  the  head  of  the  colony  lands.  Just  below  the  mouth  of  the 
canyon  a  branch  pipe  from  Alder  Canyon  joins  the  main  line.  The 
company  is  entitled  to  the  water  of  Alder  Canyon  up  to  20  miner's 
inches.  The  upper  part  of  the  main-canyon  conduit,  which  was 
originally  an  open  flume,  has  been  replaced  by  an  18-inch  cement 
pipe.  Delivery  from  the  reservoir  to  the  lands  of  the  irrigators  is 
made  through  4-  and  8-inch  pipe. 

The  summer  flow  from  Deer  Canyon  and  its  branches  varies  with 
the  rainfall  of  the  .previous  winter.  The  company  reports  that  in 
July,  1903,  it  received  70  inches  of  mountain  water,  an  average  of  45 
inches  through  the  irrigating  season  of  1904,  and  80  inches  in  August, 
1905.  Piunped  water  is  used  as  an  auxiliary  to  the  canyon  flow. 
During  the  season  of  1902  the  plant,  consisting  of  a  20-horsepower 
gas  engine  and  Ames  Fulton  pump  with  a  capacity  of  30  miner's 
inches,  was  in  operation  one  hundred  and  forty  days  consecutively. 
During  the  season  of  1903,  following  a  wet  winter,  the  flow  from  the 
canyon  supplied  the  needs  of  the  company  and  the  pumping  plant 
was  not  used.  Again  during  the  summer  of  1904  mountain  water 
was  short  in  quantity,  and  pumped  water  was  used  freely  in  making 
up  the  deficiency. 

The  water  supply  is  divided  into  heads  and  distributed  to  the 
irrigators  in  rotation  every  twenty-four  days.  The'  time  given  to 
each  irrigator  varies  with  his  holdings  of  stock.     A  man  owning  40 
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shares  is  given  twenty-four  houre'  run  of  a  half  head  every  twentv- 
four  days. 

The  cost  of  operating  and  maintaining  the  system  is  prorated 
among  the  stockholders  according  to  the  proportion  of  stock  held 
by  each,  the  annual  cost  of  water  varying  with  the  volume  of  pumped 
water  used.  The  actual  cost  of  pumping  a  30-inch  head  for  twenty- 
four  hours  is  $5.25  under  present  conditions.  The  only  expen>e 
attached  to  the  delivery  of  canyon  water  is  the  cost  of  keeping  the 
pipe  lines  in  repair,  the  secretary's  annual  salary  of  $50,  and  the 
zanjero's  fees.  The  average  cost  of  all  water  used,  gravity  and 
pumped,  during  the  past  four  seasons,  is  reported  to  have  been  $5.7a 
per  acre  per  annum.  There  are  40  irrigators  in  the  colony,  and  at 
the  present  time  about  500  acres  are  supplied  with  water.  The  com- 
pany owns  1,200  acres  of  land  in  Deer  and  Calamity  canyons,  which 
were  homesteaded  by  stockholders  and  deeded  to  the  company  in 
order  to  protect  its  water  rights  there. 

The  company \s  investment  is  as  follows:  Pumping-plant  site,  i>0 
acres,  $4,000;  reservoir  site,  2i  acres,  $125;  pipe  system  and  reser- 
voir $4,000;  well  and  pumping  plant,  $3,300;  total,  $12,325. 

The  right  to  use  the  water  for  power  purposes,  reserved  by  the 
promoters  at  the  time  the  land  and  water  rights  were  sold,  is  now 
held  by  the  company. 

lOAMOSA   WATER    COMPANY. 

The  loamosa  tract,  in  which  there  are  500  acres  of  irrigated  land, 
lies  about  1  mile  north  and  west  of  the  Hemiosa  cohmy.  The  land> 
are  a  part  of  the  old  Cucamonga  Homestead  Association's  property, 
and  the  water  with  which  they  are  supplied  comes  entirely  fn)ni 
Cucamonga  Canyon  and  belongs  in  part  to  the  Cucamonga  Develop- 
ment Company. 

The  loamosa  Water  Company  was  incorporated  in  1883,  >iith  a 
capitalization  of  $50,000,  divided  into  500  shares,  with  a  par  value  of 
$100  per  share.  The  company  holds  title  to  /^  of  the  surface  and 
developed  flow  of  Cucamonga  Canyon  and  leases  the  balance  of  all 
water  derived  from  that  source  from  the  Cucamonga  Development 
Company  at  a  yearly  rental  of  $500.  The  water  procured  by  diversion 
of  the  surface  flow  and  by  700  feet  of  tunnel  intended  to  intercept  the 
underflow  is  brought  to  the  mouth  of  the  canyon  through  a  30-incii 
conduit  3,400  feet  long.  Thence  it  is  taken  diagonally  across  the 
slope  in  a  southeasterly  direction  in  a  12-  and  8-inch  cement  line  to  a 
small  reservoir  at  the  upper  end  of  the  colony  lands.  Below  the  reser- 
voir about  2  miles  of  8-inch  vitrified  and  6-inch  iron  pipe  have  been 
laid  for  delivering  the  water  to  the  irrigators. 

It  is  reported  that  fi'om  10  to  40  inches  are  developed  in  the  tunnel, 
while  the  total  flow,  natural  and  developed,  is  said  to  vary  from  30 
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to  100  inches.  The  duty  of  water  in  the  colony  is  reputed  to  be  1 
miner's  inch  for  each  7  J  acres,  distributed  in  two  40-inch  heads, 
twice  each  month  to  each  20-acre  lot.  Twenty-three  irrigators  are 
supplied,  and  the  cost  of  water  is  about  $2  per  acre  per  year. 

CUCAMONGA  LANDS  AND  CUCAMONGA  WATER  COMPANY. 

What  are  known  as  the  Cucamonga  lands  are  situated  in  the 
western  portion  of  San  Bernardino  County,  between  the  San  Ber- 
nardino base  line  and  the  Southern  Pacific  Railroad,  which  is  about 
4  miles  distant  on  the  south.  They  extend  eastward  about  4  miles 
from  the  Ontario  colony  lands  and  Cucamonga  Wash,  and  include 
in  the  aggregate  between  8,000  and  9,000  acres,  about  one-third 
of  which  is  irrigated,  while  another  one-third  is  cultivated  as  vine- 
yard but  is  not  under  irrigation. 

The  well-known  Red  Hills,  famous  as  water-bearing  lands,  lie  in 
the  northwest  comer  of  the  Cucamonga  tract,  and  the  develop- 
ments in  and  adjacent  to  these  hills  supply  the  water  used  for  irri- 
gation in  the  Cucamonga  district  and  a  portion  of  that  used  farther 
west  by  the  San  Antonio  system. 

The  Cucamonga  Water  Company,  which  at  present  supplies  nearly 
all  of  the  water  used  in  the  district,  was  incorporated  in  December 
1887,  by  certain  members  of  an  older  organization  called  the  Cuca- 
monga Fruit  Land  Company.  This  company  owned  all  the  waters 
flowing  from  the  ''West  ci^naga,^'  the  moist  lands  west  and  north 
of  the  Red  Hills,  and  one-half  of  the  waters  flowing  from  the  "East 
ci^naga,''  a  similar  area  lying  in  and  northeast  of  the  Red  Hills. 
At  that  time  the  total  amount  of  water  thus  owned  was  between 
250  and  300  miner's  inches.  The  other  half  of  the  east-side  waters 
belonged  to  the  Cucamonga  Vineyard  Association,  and  a  total  of 
about  400  acres  was  under  irrigation  by  both  organizations,  the 
Vineyard  Association  being  the  heaviest  water  user. 

In  addition  to  these  rights  there  were  certain  obligations  out- 
standing against  the  Fruit  Land  Company.  The  "Class  A''  rights 
comprised  33.84  miner's  inches  due  a  certain  group  of  "old  settlers." 
The  "Class  B"  rights  comprised  67.75  miner's  inches  due  another 
group  of  "old  settlers,"  who  had  signed  agreements  to  accept  1 
miner's  inch  of  water  for  each  10  acres  of  land  owned  by  them. 
Other  obligations  constituting  classes  "C"  and  "D"  were  agree- 
ments to  furnish  water,  by  a  company  to  be  formed  later,  to  lands 
which  had  been  sold  earlier  by  the  Fruit  Land  Company.  Some- 
thing more  than  300  inches  was  conveyed  under  these  two  classes. 

AU  of  the  Fruit  Land  Company's  rights  to  waters  that  were  then 
flowing,  all  of  its  lands  which  were  then  recognized  as  water-bearing 
lands,  and  all  of  its  obligations  were  conveyed  to  the  Cucamonga 
Water  Company  at  the  time  of  its  organization  in   1887,  and  in 
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addition  the  older  company  contracted  to  develop  and  deliver  to 
the  purchasing  company  enough  water  to  fulfill  all  of  the  obliga- 
tions which  had  been  conveyed  with  the  rights  in  the  deed. 

In  fulfillment  of  the  terms  of  this  contract,  the  Fruit  Laud  Com- 
pany, during  the  years  1888,  1889,  and  1890,  expended  from  S75,000 
to  $100,000  in  developing  water  by  sinking  wells  and  driving  tun- 
nels, so  that  when  measurements  were  made  in  July,  1890,  it  was 
found  that  about  500  inches  of  gravity  water,  in  part  natural  flow 
and  in  part  the  result  of  the  development  work,  belonged  to  the 
Cucamonga  Water  Company.  This  amount  was  more  than  enough 
to  satisfy  the  rights  outstanding  at  that  time. 

During  the  dry  period  which  followed,  the  flow  from  these 
various  sources  decreased,  until  in  1899  only  190  inches  of  gravity 
water  were  available,  and  the  water  company  was  forced  to  aug- 
ment its  supply  by  pumping  from  the  Lone  Star  Springs  above  the 
base  line.  During  this  year  the  Fruit  Land  Company  bored  a  deep 
well  on  the  lands  which  it  still  held  on  the  west  side  but  which, 
at  the  time  of  the  transfer  of  its  rights  to  the  Cucamonga  Water 
Company,  had  not  been  recognized  nor  classified  as  water-bearing 
lands  and  were  therefore  not  included  in  the  transfer.  This  well 
at  first  yielded  100  inches  of  water,  and  at  about  the  time  of  its 
development  the  Fruit  Land  Company  contracted  to  deliver  to  the 
San  Antonio  Water  Company  100  inches  of  water  for  $100,000. 
Suit  was  brought  by  certain  stockholders  of  the  Cucamonga  Water 
Company  against  both  the  Cucamonga  Fruit  Land  Company  and 
the  San  Antonio  Water  Company  to  prevent  the  consummation  of 
the  sale,  but  judgment  was  rendered  in  1900  against  them  and  the 
sale  was  confirmed.  During  the  summer  of  1900  the  control  of  the 
Cucamonga  Water  Company  passed  into  the  hands  of  the  stock- 
holders who  had  brought  this  suit,  through  the  purchase  of  out- 
standing stock,  and  they  also  bought  of  the  Cucamonga  Fruit  Land 
Company  an  interest  in  all  the  lands  still  owned  by  that  company 
that  could  be  regarded  as  water  bearing  on  the  east  and  west  sides 
of  the  Red  HiUs. 

Since  1900  three  or  four  wells  have  been  put  down,  the  tunnel 
has  been  extended,  and  a  pumping  plant  known  as  the  Lone  Star 
system  has  been  installed,  so  that  stockholders  have  received  their 
full  quota  of  water,  although  gravity  water  has  constantly  de- 
creased. This  decrease  has  been  particularly  marked  in  the  Y 
tunnel  and  in  the  creek  near  the  old  Cucamonga  Hotel  that  drains 
the  original  East  ci6naga.  It  is  stated  that  the  original  supply 
from  these  sources  was  from  150  to  500  inches  of  water,  and  that 
now  (1906)  it  is  less  than  5  inches.  The  Cucamonga  Water  Com- 
pany regards  this  decrease  as  due  to  the  battery  of  wells  and  pumps 
installed  by  the  San  Antonio  Water  Company  north  and  west  of 
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the  Red  Hills  and  used  extensively  as  an  adjunct  to  the  San  Antonio 
system.  Suit  has  therefore  been  brought  against  the  San  Antonio 
Company  to  prevent  pumping  from  these  wells  and  to  recover 
damages  for  property  claimed  to  have  been  destroyed  through 
this  pumping.     This  suit  was  still  in  the  courts  in  1906. 

When  the  Cucamonga  Water  Company  was  organized,  in  1887, 
its  capital  was  fixed  at  $100,000,  divided  into  10,000  shares  at  $10 
per  share.  One  share,  representing  one-tenth  of  a  miner's  inch  of 
water  continuous  flow,  was  to  be  distributed  with  each  acre  of  land 
sold.  In  1901  or  1902,  when  a  consolidation  of  interests  was  effected 
by  the  purchase  of  stock  and  rights  owned  by  the  Cucamonga  Fruit 
Land  Company  and  others,  the  capital  stock  was  increased  to  $100 
per  share  and  bonds  to  the  value  of  $250,000  were  issued.  Although 
the  capitalization  of  the  company  was  effected  on  the  basis  of  10,000 
shares,  the  issue  of  stock  has  been  controlled  by  the  quantity  of 
water  available,  not  more  than  10  shares  being  distributed  for  each 
inch  of  water  owned,  the  amount  of  the  water  being  determined 
by  measurements  made  on  July  15  of  each  year.  The  greatest 
amount  of  stock  outstanding  at  any  time  was  4,500  share-s,  and  this 
has  been  reduced  by  purchase  to  less  than  3,000  shares. 

In  addition  to  the  rights  and  lands  which  have  been  referred  to, 
the  company  owns  a  number  of  tunnels,  wells,  and  reservoirs,  con- 
structed generally  by  the  Cucamonga  Fruit  Land  Company  in  ful- 
fillment of  the  contract  entered  into  by  it  at  the  time  of  the  organi- 
zation of  the  Cucamonga  Water  Company.  The  west  side  or  Eddy 
tunnel  is  one  of  these  structures.  It  was  originally  a  timbered 
tunnel,  3,600  feet  long,  but  the  timbering  has  been  replaced  by  a 
30-inch  concrete  pipe  line.  The  charges  for  the  maintenance  of 
this  line  are  shared  with  the  San  Antonio  Water  Company,  which 
also  uses  it,  the  proportion  of  water  in  the  tunnel  belonging  to  each 
company  determining  the  proportion  of  the  running  expenses  borne 
by  each.  The  east  side  or  Y  tunnel,  just  east  of  the  old  Cucamonga 
Hotel,  also  belongs  to  the  Cucamonga  Water  Company,  and,  like 
the  Eddy  tunnel,  has  been  replaced  by  a  concrete  pipe  line.  At 
the  head  of  each  arm  of  the  Y  is  a  well,  but  since  1903  this  work 
has  yielded  no  water.  A  third  tunnel,  3,000  feet  in  length  and 
running  northwest  from  the  center  of  sec.  3,  on  Hellman  avenue, 
extends  through  a  35-acre  tract  belonging  to  the  Cucamonga  Water 
Company  and  into  the  Lone  Star  tract.  Eight  or  ten  artesian  wells 
discharge  into  this  tunnel,  but  the  greater  part  of  the  water  which 
it  yields  is  supplied  by  the  upper  well  of  the  Lone  Star  group.  In 
addition* to  these  development  works  the  company  owns  an  ade- 
quate distributing  system,  which  includes  three  reservoirs  and  20 
or  25  miles  of  iron  pipe  that  serves  all  of  the  lands  under  irrigation. 
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All  of  the  water  distributed  is  delivered  under  pressure  in  30-inch 
heads,  each  10  shares  of  stock  entitling  the  holder  to  a  flow  of  30 
inches  for  one  day  in  each  month. 

The  fixed  charges  of  the  company,  comprising  the  interest  charges 
on  the  bond  issue,  amount  to  $15,000  annually.  The  maintenance 
charges  amount  to  about  $6,000  per  year,  and  these  expenses  are 
met  by  annual  assessments  on  the  stock  of  $10  or  less  per  share. 

OLD  SETTLERS  WATER  COMPANY. 

The  Old  Settlers  Water  Company  was  organized  by  stockholders 
of  the  old  Cucamonga  Fruit  Land  Company,  who  held  rights  to 
33.84  inches  of  the  surface  flow  of  the  Red  Hills  East  ci^naga.  'WTien 
this  ci^naga  ceased  to  flow,  because  of  the  dry  years  and  the  draft 
on  the  underflow  caused  by  the  tunnels  and  pumping  plants  in  the 
vicinity,  these  irrigators  found  it  necessary  also  to  resort  to  pump- 
ing. With  this  purpose  in  view  the  present  company  was  incor- 
porated June  21,  1902,  and  capitalized  at  $33,840,  divided  into 
33,840  shares  of  $1  par  value  each.  Land  was  purchased  three- 
fourths  of  a  mile  north  of  Cucamonga,  a  well  was  sunk,  and  a  pumj>- 
ing  plant,  consisting  of  an  18-horsepower  gas  engine  and  an  Addison 
deep-weU  pump,  was  installed  (No.  53).  This  plant  pumps  at)out 
33  inches  of  water.  The  distributing  system  consists  of  IJ  nulos 
of  6-inch  and  1  mile  of  8-inch  concrete  and  vitrified  pipe.  Two 
hundred  and  seventy  acres  are  irrigated  and  the  water  is  delivered 
.in  33-inch  heads  in  rotation,  every  thirty  days,  on  the  basis  of  1 
inch  constant  flow  to  8  acres.  The  cost  is  $10  per  acre  per  annum. 
The  water  is  not  appurtenant  to  the  land,  btit  stock  is  held  exclu- 
sively by  irrigators.     Oranges  and  deciduous  fruits  are  raised. 

SUNSET  WATER  COMPANY, 

The  Sunset  Water  Company  was  incorporated  January-  10,  1001. 
with  a  capital  stock  of  $60,000,  divided  into  2,400  shares,  all  of  which 
have  been  issued.  The  company  was  organized  by  stockholders  of 
the  Cucamonga  Water  Company  for  the  purpose  of  increasing  their 
water  supply.  Thirty  acres  were  purchased  in  the  wat^r-bearing 
lands  northeast  of  the  Red  Hills,  where  a  well  was  sunk  and  eqiiippiul 
with  machinery  for  pumping.  The  pumping  plant  (No.  54,  Cuca- 
monga quadrangle)  consists  of  a  14-horsepower  motor  and  a  Gar- 
rett pump,  and  has  a  capacity  of  30  inches.  The  water  is  raised  to 
the  level  of  a  discharge  tunnel  30  feet  below  the  ground  level  at  the 
well,  and  brought  to  the  surface  through  the  tunnel,  1,000  feet  below 
the  plant.  From  this  point  the  water  is  distributed  to  the  laniis 
of  the  irrigators  through  3  J  miles  of  steel  pipe  4  to  12  inches  in  diame- 
ter. In  practice  about  1  inch  to  10  acres  is  used,  though  there  is  no 
restriction  on  the  amount  that  may  be  used.     Six  hundred  acres  are 
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partially  irrigated.  The  water  is  distribu  ted  in  30-inch  heads  monthly . 
The  cost  to  the  irrigators  is  $10  for  a  twenty-four-hour  run  of  30  inches. 
During  the  three  seasons  preceding  the  spring  of  1904  the  water  level 
in  the  company's  wells  declined  4  to  6  feet  annually,  and  with  the  low- 
ering of  the  water  plane  the  capacity  of  the  plant  has  dropped  from  42 
to  30  inches.     The  plant  is  in  operation  about  six  months  of  each  year. 

ONTARIO  COLONY  AND  SAN  ANTONIO  WATER  COMPANY. 
HISTORY  OF   RIGHTS. 

The  Ontario  colony  occupies  lantls  lying  immediately  west  of  Cuca- 
monga  Wash  and  extending  in  a  strip  1  to  3  miles  wide  from  the  mesa 
at  the  foot  of  the  San  Antonio  Mountains  down  the  slope  for  a  distance 
of  about  6  miles.  On  the  west  the  upper  part  of  the  colony  tract  is 
separated  from  the  Claremont  and  Pomona  irrigating  districts  by 
San  Antonio  Wash,  and  the  lower  part  of  the  tract  adjoins  lands  that 
are  covered  by  the  Del  Monte  Irrigating  Company  of  Pomona.  On 
the  east  Cucamonga  Wash  lies  between  the  colony  lands  and  those  of 
the  Cucamonga  irrigators. 

About  5,000  acres  are  under  irrigation  in  the  Ontario  district. 
Gravity  water  is  supplied  to  the  tract  from  San  Antonio  Canyon  and 
from  the  Cucamonga  tunnel  in  the  water-bearing  lands  of  the  Red 
Hills,  which  lie  to  the  east  of  the  colony,  midway  between  North 
Ontario  and  Cucamonga.  The  canyon  and  tunnel  flow  is  supple- 
mented by  pumped  water  derived  from  wells  north  of  the  Red  Hills 
on  the  east  and  from  the  neighborhood  of  Claremont  and  Indian  Hill 
on  the  west. 

By  far  the  greater  part  of  the  water  supplied  to  the  colony  is  owned 
and  distributed  by  the  San  Antonio  Water  Company.  The  Ontario 
Water  Compahy  is  an  adjunct  organization,  whose  stockholders 
belong  to  the  San  Antonio  Water  Company  but  pump  independently 
in  case  of  a  shortage.  Several  hundred  acres  lying  west  of  North 
Ontario  are  supplied  with  pumped  water  by  the  plants  of  the  Upland, 
Mountain  View,  and  Canyon  Ridge  water  companies. 

The  San  Antonio  Water  Company  is  a  mutual  company,  one  of  the 
eariy  organizations  of  its  kind  in  the  State.  Stockholders  are  owners 
of  realty,  and  water  can  not  be  delivered  by  the  company  to  others 
than  stockholders.  The  company  was  incorporated  in  October,  1882, 
by  the  Messrs.  Chaffer,  who  owned  the  water  rights  on  the  east  side  of 
San  Antonio  Canyon,  and  these  rights,  together  with  diversion  works, 
conduits,  and  pipe  system,  were  later  transferred  to  the  San  Antonio 
Water  Company.  This  company  was  organized  with  a  capital  stock 
of  $1,500,000,  divided  into  15,000  shares  of  a  par  value  of  $100  each; 
6,064  shares  have  been  issued.  In  1882,  by  agreement  between  the 
Chaffees  and  the  Pomona  Land  and  Water  Company,  which  owned 
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water  rights  on  the  west  side  of  the  canyon,  the  surface  flow  at  a 
point  about  1  mile  above  the  mouth  of  the  canyon  was  divided 
equally,  and  a  joint  diversion  dam  was  constructed.  About  1896  the 
San  Antonio  Water  Company  acquired  what  was  known  as  the  Gird 
or  Dexter  interest  in  the  canyon,  consisting  of  several  hundred  acres 
of  land,  together  with  a  prior  right  to  20  miner^s  inches  of  water,  hi 
1897  the  San  .Vntonio  Water  Company  and  the  Pomona  Land  and 
Water  C()ffipany  entered  into  an  agreement  by  which  the  latter  cod- 
veyed  to  the  San  ^Vntonio  Water  Company  all  of  its  interests  in  the 
canyon,  in  return  for  which  the  San  Antonio  company  agreed  that 
whenever  the  total  flow  in  the  canyon  was  624  inches  or  l^s  the 
Pomcma  company  was  to  receive  one-half,  and  that  all  water  in  exces^s 
of  624  inches  should  belong  to  the  San  Antonio  company.  After 
entering  into  the  above  agreement  the  San  Antonio  company  began 
to  divert  the  20  inches  of  Gird  or  Dexter  water,  piped  it  past  the 
division  dam,  and  continued  this  diversion  for  five  years,  when  suit 
was  brought  by  the  Pomona  Land  and  Water  Company;  but  Janu- 
ary' .6,  1905,  Judge  Allen  rendered  a  decision  in  which  he  held  that 
the  San  Antonio  company  had  acquired  a  good  title  to  this  water. 

In  1902-3  the  Ontario  Power  Company  laid  a  conduit  from  the 
south  line  of  sec.  36,  T.  2  N.,  R.  8  W.,  diverted  the  canyon  flow  at 
that  point,  and  piped  the  water  along  the  west  side  of  the  canyon  to 
a  point  on  the  hills  above  the  division  dam  and  constructed  a  power 
plant.  This  conduit  is  a  30-inch  cement  line,  except  where  iron  pipe 
is  used  in  inverted  siphons  in  crossing  side  canyons.  It  is  laid  partly 
in  trenches  and  partly  through  tunnels..  For  a  year  previous  to  the 
laying  of  tlie  conduit  careful  measurements  were  taken  by  expert 
hydraulic  engineers  at  the  south  hne  of  sec.  36  and  at  the  division 
dam  3  miles  below,  and  it  was  determined  that  19  per  cent  of  the 
water  w  as  lost  from  the  natural  flow  of  the  canyon  stream  between 
the  two  points.  After  the  completion  of  the  conduit  by  which 
this  loss  was  prevented,  the  Ontario  Power  Company  laid  claim  to 
and  appropriated  20  per  cent  of  the  flow  of  the  canyon  as  salvage. 
This  claim  w  as  subsequently  disallow^ed  by  the  courts,  which  ruled 
that  the  Pomona  irrigators  were  entitled  to  one-half  of  the  saving 
effected  through  the  higher  diversion  of  the  Ontario  Power  Company. 

It  became  apparent  in  the  early  days  of  the  colony  that  there  would 
not  be  sufficient  surface  water  from  San  Antonio  Canyon  to  supply  ail 
of  its  requirements,  and  steps  were  taken  to  procure  additional  water 
from  other  sources.  In  January,  1883,  a  tunnel  was  begun  in  the 
gravel  bed  of  the  canyon  about  1  mile  above  its  mouth;  it  was  gradu- 
ally extended  during  the  succeeding  years,  and  completed  about  1889. 
This  tunnel  has  a  sectional  area  of  3i  by  6J  feet.  It  is  3,000  feet  in 
length  and  is  reported  to  have  cost  about  $50,000.  The  upper  600 
feet  penetrates  bed  rock  below  the  wash  material  of  the  creek,  the 
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bottom  at  the  upper  extremity  being  110  feet  below  the  bed  of  the 
creek.  F.  E.  Trask  reported  the  average  July  output  from  this  tun- 
nel for  15  years  previous  to  1903  as  116  miner's  inches.  B.  C.  Shep- 
herd, secretary  of  the  company,  states  that  the  flow  varies  from  50  to 
150  inches  and  averages  about  75  inches  during  the  irrigating  season. 
The  creek  waters  and  the  San  Antonio  tunnel  waters  are  brought 
together  in  the  main  ditch  about  500  feet  below  the  mouth  of  the 
tunnel. 

West  of  the  Red  Hills,  in  what  is  known  as  the  West  ci6naga,  a 
tunnel  3,600  feet  in  length  was  constructed  by  the  Cucamonga  Fruit 
Land  Company  for  the  Cucamonga  Water  Company  in  the  late 
eighties.  This  tunnel,  which  has  since  been  extended  to  4,000  feet  or 
more  in  length,  is  known  as  the  Eddy  or  Cucamonga  tunnel.  Some 
time  after  its  construction  the  San  Antonio  Water  Company  acquired 
water-bearing  lands  in  the  West  cifinaga,  a  20-foot  right  of  way,  and 
one-half  interest  in  the  carrying  capacity  of  the  tunnel.  In  1889  a 
22-,  24-,  and  30-inch  cement  pipe  was  laid  from  the  division  box  at 
the  mouth  of  the  tunnel  to  North  Ontario,  and  connected  with  the 
system  there.  Several  wells  were  sunk  along  the  upper  course  of 
the  tunnel,  and  cut  to  flow  into  it  at  depths  of  90  to  110  feet  from 
the  surface.  It  is  known  that  one  of  these  wells  (No.  80,  Cucamonga 
quadrangle)  was  flowing  in  1905,  and  it  is  supposed  that  others  were 
flowing  then,  but  this  could  not  be  ascertained.  The  water  from 
this  tunnel,  which  belongs  in  part  to  the  Cucamonga  Water  Com- 
pany, is  apportioned  in  a  division  box  at  the  mouth  of  the  tunnel, 
and  is  conducted  thence  to  the  distributing  systems  of  the  owning 
companies.  Of  the  Ontario  companes'  share  of  the  Cucamonga  tun- 
nel gravity  water,  the  San  Antonio  Water  Company  receives  the  first 
130  inches  and  the  Ontario  Power  Company  the  b«dance.  The  aver- 
age flow  received  by  these  two  companies  during  the  irrigating  season 
has  been  reported  as  150  miner's  inches. 

Previous  to  1893  the  canyon  and  tunnel  water  had  been  nearly  suf- 
ficient for  the  needs  of  the  colony.  Beginning  at  about  that  time, 
several  dry  yeai"s  followed  in  succession,  causing  a  decline  in  the 
canyon  flow  and  an  extreme  shortage  of  water.  As  the  necessity  for 
more  water  became  pressing,  the  company  sought  relief  through  the 
further  development  of  underground  waters,  which  had  been  begun  in 
a  small  way  in  the  Del  Monte  ci^naga  in  1889.  Nine  hundred  and 
fifty  acres  of  land  were  purchased  east  of  the  colony,  north  of  Six- 
teenth street  above  the  Cucamonga  Red  Hills,  and  in  1898  a  well  was 
sunk  (No.  75,  Cucamonga  quadrangle),  a  pumping  plant  installed, 
and  16-  and  20-inch  vitrified  pipe  laid  to  connect  with  the  canyon 
distributing  system.  At  various  times  since  then  four  additional 
plants  have  been  installed  on  this  property,  the  last  in  1904.  Water 
rights  have  also  been  acquired  on  the  adjoining  Rubio  proptn'ty,  where 
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a  plant  has  been  installed,  and  still  farther  east  two  other  wells^  known 
as  the  Haskell  wells,  have  been  purchased  and  equipped  with  pump- 
ing plants. 

In  all,  the  San  Antonio  Water  Company  owns  and  operates  eight 
plants  (Nos.  73-79,  Cucamonga  quadrangle)  in  the  Red  Hills  dis- 
trict, with  a  combined  pumping  capacity  of  450  inches.  The  well- 
are  seldom  pumped  to  their  full  capacity,  and  the  output  varies  with 
the  needs  of  the  colony  and  the  fluctuations  in  the  gravity  How  from 
San  Antonio  Canyon  and  tunnel  and  the  Cucamonga  tunnel. 

In  addition  to  these  more  important  Sixteenth  street  and  Red 
Hills  wells,  the  company  has  four  wells,  two  of  which  are  equipped 
with  pumping  plants,  in  the  old  Del  Monte  ci6naga,  near  Claremont. 
The  output  of  the  two  wells  pumped  in  this  field  is  given  as  75  miner's* 
inches.  In  the  operation  of  these  wells,  electric  power  supplied  by 
the  adjunct  corporation,  the  Ontario  Power  Company,  is  used. 
This  power  succeeds  the  gas  and  steam  engines  which  were  used  in 
the  early  pumping  operations. 

In  1898  the  company  acquired  the  Bodenhammer  well  (No.  8S, 
Cucamonga  quadrangle)  and  a  tunnel  located  along  the  west  line  of 
the  colony  lands,  about  1§  miles  below  the  mouth  of  San  Antonio 
Canyon.  Since  the  well  was  sunk  and  the  tunnel  driven  the  water 
plane  in  this  vicinity  has  dropped,  many  feet  below  the  tunnel  level. 

The  San  Antonio  company  also  ow^ns  1  mile  of  tuimel,  which  was 
driven  into  the  mesa  at  the  foot  of  the  mountains  just  west  of  Cuca- 
monga Wash.  This  work  is  reported  to  have  cost  $80,000.  There 
is  no  summer  yield  during  dry  years,  but  in  winter  a  moderate 
amount  flows  from  the  tunnel. 

PIPE    LINES    AND    CONOUrTS. 

The  Ontario  colony  is  piped  throughout  with  carrying  lines,  con- 
structed principally  of  cement  and  vitrified  clay,  and  ranging  from 
8  to  40  inches  in  diameter.  Distributing  mains  and  diagonals  have 
been  laid  in  such  a  manner  that  the  supply  from  the  various  souixjes 
can  be  readily  shifted  to  different  parts  of  the  tract.  Water  in  the 
pipes  is  not  under  pressure,  but  the  onward  flow  is  partially  cut  off 
by  gates  which  hold  the  water  and  cause  it  to  rise  to  the  top  of  a 
short  standpipe  or  turn-out,  placed  at  the  highest  point  of  each  10- 
acre  lot.  Domestic  water  is  carried  from  these  turn-outs  through 
iron  pipes  to  the  homes  of  the  irrigators. 

OPERATION    AND   MAINTENANCE. 

Theoretically  tlie  San  Antonio  Water  Company  delivers  1  miner's 
inch  of  water  to  each  10  acres  on  each  10  shares  of  stock.  In  practice 
the  available  supply  is  prorated  to  the  stock  and  a  twenty-four-hour 
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run  is  given  each  10  acres  monthly,  but  the  size  of  the  irrigating  head 
varies  with  the  water  supply,  though  the  average  is  about  30  inches. 
During  the  irrigating  season  of  1905,  succeeding  a  winter  of  excessive 
rainfall  with  a  large  canyon  flow,  the  company  expected  to  deliver 
40-inch  heads  throughout  the  season. 

ANNUAL   COST. 

The  average  cost  of  operating  and  maintaining  the  system  of  the 
San  Antonio  Water  Company  is  $60,000  per  annum,  and  the  average 
cost  per  acre  varies  from  $10  to  $12.  Funds  for  meeting  obHgations 
in  the  shape  of  interest,  sinking  fund,  maintenance,  and  expenses 
are  derived  from  assessments  on  the  stock.  A  part  of  the  floating 
indebtedness  was  paid  off  during  1904,  and  total  assessments  of  $25 
per  acre  were  levied  that  year.  Other  payments  were  made  in  1905, 
and  an  assessment  of  $20  per  acre  was  collected. 

ONTARIO  WATER  COMPANY. 

The  Ontario  Water  Company  was  oiganized  in  1900  by  stock- 
holders of  the  San  Antonio  Water  Company  who  did  not  hold  enough 
stock  in  that  company  to  insure  them  a  sufficient  water  supply  in 
years  of  light  rainfall.  The  organization  was  effected  on  the  basis 
of  a  capitaUzation  of  $100,000,  divided  into  1,000  shares  with  a  par 
value  of  $100  each.  In  1905  six  hundred  and  twenty  shares  had  been 
issued,  495  to  irrigators  and  125  to  nomesidents,  and  the  market 
value  was  reported  by  the  company's  officers  to  be  $50  per  share. 

In  1900  a  tract  of  134  acres  lying  east  and  south  of  Indian  Hill 
was  purchased  at  a  cost  of  $34,000.  Six  wells  were  at  on  cesunk  on 
the  tract  and  a  pumping  plant  was  installed,  the  expenditures  for 
these  purposes  being  $10,000.  The  plant  consists  of  a  70-horsepower 
steam  engine  and  a  Smith-Vaile  air  compressor,  by  which  all  the 
wells  which  lie  within  a  radius  of  600  feet  of  the  plant  may  be  pumped. 
The  water,  about  70  miner's  inches,  is  conducted  through  a  14-inch 
line  about  3  miles  in  length  to  the  tract  owned  by  the  stockholdei-s. 
This  tract  lies  about  1  mile  southwest  of  Upland.  As  the  water  is 
used  as  an  auxiliary  to  the  canyon  supply,  it  is  necessary  to  pump 
only  during  the  summer  months,  and  not  then  if  the  flow  from  the 
canyon  is  lai^e.  The  plant  was  in  operation  during  four  months  in 
1900,  1901,  and  1902,  but  was  not  used  in  1903. 

The  water  is  distributed  in  30-inch  heads  and  is  prorated  to  stock- 
holders according  to  their  interest.  The  cost  of  the  water  is  given 
at  67i  cents  per  hour  for  a  30-inch  head;  that  is,  2 J  cents  per  hour- 
inch. 

In  order  to  carry  out  the  necessary  improvements  for  developing 
and  distributing  the  waters,  bonds  amounting  to  $25,000  were  issued 
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in  July,  1900.  Two  thousand  dollars  of  these  bonds  fall  due  annuaUr 
for  ten  years,  beginning  with  1906,  and  $1,000  each  year  thereafter 
until  they  are  paid. 

POMONA  IRRIGATION. 
BIGHTS. 

The  flourishing  district  about  Pomona  and  Claremont  derives  its 
irrigating  water  from  San  Antonio  Canyon  and  from  numerous  weli> 
and  pumping  plants  that  have  been  installed,  mainly  in  the  ol<l 
ci^naga  lands  in  the  vicinity  of  Claremont  and  about  the  easten, 
point  of  the  San  Jose  Hills.     (See  PI.  I,  (\  Z>,  p.  8.) 

The  rights  to  the  flowing  waters  of  the  canyon  date  back  to  Igna^in 
Palomares,  one  of  the  early  owners  of  the  San  Jose  rancho,  and  tn 
N.  Alvarado,  a  squatter  on  this  tract.  Both  of  these  men  built 
ditches  from  San  Antonio  Creek  and  acquired  rights  to  its  waters. 
These  rights  were  subsequently  transferred  to  American  purchasers 
and  have  been  subject  to  adjustment  as  between  the  Pomona  and 
Ontario  users,  the  foniier  holding  the  old  rights  to  the  west-side 
waters  from  San  Antonio  Canyon,  and  \he  latter  to  the  east-side 
watei-s.  As  the  matter  stands  at  present,  the  San  Antonio  Water 
Company,  supplying  Ontario  and  vicinity,  and  owTiers  of  the  earlie^^t 
right  on  the  stream,  the  Gird  or  Dexter  right,  are  entitled  to  the  firsi 
20  miner's  inches  flowing  from  the  canyon.  After  tliis  amount  i> 
taken  out,  the  remainder  is  divided  equally  between  the  east-side 
and  west-side  usei-s,  until  it  exceeds  624  inches.  All  of  the  flow  in 
excess  of  tliis  amount  belongs  to  the  San  Antonio  Companj-,  repre- 
senting the  east-side  o^^Tiership.  The  Pomona  users  msLy  tliere- 
fore  receive  not  to  exceed  312  miner's  inches  of  this  water,  and  will 
receive  less  than  that  if  the  canyon  flow  falls  below  644  inches. 

CANYON  WATER  COMPANY  OF  POMONA. 

About  83  of  these  312  inches  (or  a  proportional  amount  of  a  smaller 
flow  of  canyon  water)  belong  to  lands  lying  in  the  north  Palomares 
and  Martin  tracts;  the  remainder  of  the  flow  belongs  to  the  Loup  & 
Meserve  tract,  and  the  owners  of  a  larger  part  of  this  share  organized 
in  1897  as  the  Canyon  Water  Company  of  Pomona.  This  company 
controls  45 i  per  cent  of  the  west-side  San  Antonio  waters.  The 
remainder  of  the  Loup  &  Meserve  owners  maintain  their  original 
status  of  tenants  in  common. 

The  Canyon  Water  Company  is  capitalized  at  $312,000,  divided 
into  31,200  shares  with  a  par  value  of  $10  each;  14,169.3  of  these 
shares  have  been  issued.  The  organization  was  eflFected  by  a  number 
of  the  holders  of  canyon  water  rights,  who  deeded  those  rights  to  the 
company  and  received  stock  in  exchange.     In  1905  there  were  87 
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stockholders.  The  majority  of  the  stockholders  held  125  shares  per 
10  acres,  some  held  in  excess  of  this  number,  and  a  few  had  but  100 
shares.  Each  share  represents  one  one-hundredth  of  a  miner's  inch 
ifvhen  there  is  enough  water  flowing  in  the  canyon  to  give  the  west- 
side  irrigators  their  full  quota  of  312  inches.  At  other  times  it  rep- 
resents a  smaller  amount ,  whose  value  is  proportional  to  the  water 
available.  The  officers  of  the  company  state  that  the  cost  of  the 
^'ater  to  users  is  about  80  cents  per  acre  per  year,  for  maintenance 
and  distribution. 

During  periods  of  diminished  flow  m  the  canyon  the  water  derived 
from  this  source  is  supplemented  by  pumped  water  suppUed  by 
several  private  plants  and  by  the  Kingsley  Tract  Water  Company, 
the  Claremont  Cooperative  Water  Company,  and  the  C.  W.  Brundage 
Company.  This  accessory  water  is  arranged  for  by  individual  irri- 
gators and  not  through  the  company. 

Official  measurements  of  the  waters  of  San  Antonio  Canyon  are 
made  three  times  yearly,  on  the  first  Mondays  in  July,  August, 
and  September,  as  a  basis  for  the  division  of  the  waters.  The  share 
received  by  the  Pomona  irrigators  as  a  result  of  these  measurements 
from  1900  to  1905  is  given  in  the  following  table: 

Quantity  of  water ^  in  miner's  inches ^  delivered  to  Pomona  irrigalcfrs  fromi  San  Antonio 

Canyon,  1900-1906, 


Year. 


1900. 
1901. 
1902. 
1903. 
1904. 
1906. 


July. 

August. 

September. 

....           115 

(?) 

257. 07 
128.06 
271.06 
147.64 
312 

r?) 

312 

2ia65 

170. 5 

101.6 

312 

214.77 

186. 836 

LTi.  25 

312 

312 

DEL   MOXTE    IRRIGATION    COMPANY. 

The  Del  Monte  Irrigation  Company  is  one  of  the  four  companies 
distributing  water  in  the  Pomona  region,  organized  originally  by  the 
Pomona  Land  and  Water  Company.  The  organization  of  this  branch 
was  effected  in  February,  1887,  wth  a  capital  stock  of  $400,000, 
divided  into  40,000  shares  with  a  par  value  of  $10  each;  21,000 
shares  have  been  issued  at  the  rate  of  10  shares  per  acre,  and  the 
market  value  was  reported  in  190()  as  $8  per  share.  There  were  at 
that  time  between  175  and  200  shareholders,  all  of  whom  were  land- 
owners under  the  system.     Absentee  ownership  is  not  permitted. 

From  the  Pomcma  Land  and  Water  Company  the  Del  Monte 
Company  received  the  right  to  the  natural  flow  from  Del  Monte 
ci^naga,  one-fourth  mile  southeast  of  Claremont,  and  a  right  to 
develop  water  in  a  tract  of  150  to  200  acres  there.  They  also  obtained 
from  the  same  source  the  right  to  develop  water  in  a  12-acre  tract  in 
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ifartin  ci^naga,  one-fourth  mile  west  of  Clareinont.  In  1899  the 
company  purchased  an  additional  water  right  covering  68  acres  in 
the  Martin  ci^naga.     The  price  paid  for  this  right  was  $25,000. 

As  early  as  1886  artesian  wells  were  bored  in  the  ci^nagas,  and  th*- 
number  was  gradually  increased  until  about  28  in  all  had  been  sunk. 
The  artesian  flow,  however,  slowly  decreased  as  a  result  of  the  incre^^- 
ing  development  and  the  succeeding  dry  years,  and  finally  ce^ised  ir. 
1897.  Thereafter  the  company  depended  entirely  on  pumping.  The 
Uft  in  1905  was  about  80  feet,  but  decreased  markedly  as  a  result  of 
the  three  succeeding  wet  years. 

In  the  Del  Monte  ci^naga  the  company  operates  a  compressed-air 
plant,  installed  in  1899,  from  which  seven  wells  within  a  few  hundred 
feet  of  the  plant  were  pumped  in  1905.  A  Corliss  air  compressor 
operated  by  a  1 40-horsepower  steam  engine  is  used.  Three  wells  in 
the  Martin  ci6naga  have  been  pumped  from  this  plant,  but  they  werr 
not  in  use  in  1905.  The  air  compressor,  engine,  and  pipes  are  reported 
to  have  cost  $15,000,  and  the  output  is  given  at  155  miner's  inchft^. 
In  addition  to  this  central  plant,  one  well  in  the  Del  Monte  ci^naga 
is  in  use.  A  40-horsepower  motor  and  a  Pomona  deep-well  pump 
are  also  used  in  the  Martin  ci^naga. 

The  water  developed  by  the  pumping  plants  is  divided  into  four 
heads,  prorated  to  stock  and  distributed  at  intervals  of  twenty-seven 
and  one-half  days  by  schedule  through  about  15  miles  of  8  to  20  inch 
cement  pipe  owned  by  the  company. 

Annual  assessments  of  60  cents  per  share,  or  $6  per  acre,  cover  the 
cost  of  operating  and  maintaining  the  system  and  interest  on  indebt- 
edness. 

IRRIGATION    COMPANY  OP   POMONA. 

The  Irrigation  Company  of  Pomona  was  organized  by  the  Pomona 
Land  and  Water  Company  in  July,  1886.  It  was  capitalized  at 
$245,000,  divided  into  24,500  shares  with  a  par  value  of  $10  each: 
2,450  acres  were  included  in  the  district,  and  lands  in  the  tract  were 
sold  with  10  shares  of  water  stock  per  acre.  All  of  the  stock  has 
been  issued.  When  the  majority  of  the  stock  had  been  transferred 
to  the  purchasers  of  land  in  the  district,  the  management  of  the 
company  was  turned  over  to  them  and  the  organization  has  since 
been  operated  as  a  mutual  water  company. 

The  original  sources  of  water  were  San  Jose  Creek  and  the  moist 
lands  in  wliich  it  rose  and  a  number  of  artesian  wells  bored  in  these 
lands,  which  constituted  the  old  artesian  belt  north  of  Pomona. 
About  45  wells  have  been  bored  at  various  times.  With  continued 
development  and  recurring  dry  seasons  these  sources  of  cheaper 
water  failed,  the  artesian  wells  ceasing  to  flow  from  1896  to  1899,  and 
now  the  company  depends  entirely  on  pumped  water.     One  lai^ 
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central  pumping  plant  (Xo.  182,  Pomona  quadrangle)  has  been 
installed,  and  from  this  station,  equipped  with  a  150-horseJ)ower 
Corliss-Cross  compound  air  compressor,  16  wells,  the  farthest  half  a 
mile  away,  are  pumped.  Smaller  auxiliary  plants  have  been  used 
in  the  past,  but  were  abandoned  for  the  more  economical  concentrated 
system.  It  is  estimated  that  the  company  has,  in  addition  to  the 
pumping  plant,  about  25  miles  of  iron  and  cement  distributing  pipe, 
varying  from  6  to  20  inches  in  diameter.  It  owns  one  reservoir  on 
Holt  avenue,  east  of  Pomona,  whose  capacity  is  1,900,000  gallons. 
It  also  has  the  right  to  develop  water  on  200  acres  of  ground  in  the 
vicinity  of  the  plant. 

The  company  pumps  for  about  seven  months  in  the  year,  and 
produces  from  200  to  250  inches  continuous  flow  during  tliis  period. 
The  water  is  divided  into  four  heads,  and  each  block  of  100  shares  of 
stock  is  given  a  twelve-hour  run  of  one  head  mimthly. 

The  expenses  of  maintenance,  operation,  and  distribution  are  met 
by  assessments  on  the  stock,  which  amount  to  about  40  cents  per 
share,  or  $4  per  acre  annually. 

Of  the  2,000  acres  irrigated  by  this  company,  one-third  is  planted 
to  citrus  fruits  and  the  remainder  to  diversified  crops. 

PALOMARES    IRRIGATION    COMPANY. 

The  Palomares  Irrigation  Company  is  one  of  the  four  companies 
organized  by  the  Pomona  Land  and  Water  Company  and  succeeding 
to  its  rights.  The  organization  was  effected  on  February  23,  1887, 
^ith  a  capital  stock  of  $60,000,  divided  into  6,000  shares  at  $10  per 
share.  The  water  rights  which  the  company  owned  were  made 
appurtenant  to  600  acres  of  land,  and  10  shares  of  stock  were  sold 
wath  each  acre. 

The  original  source  of  the  water  used  was  a  group  of  five  artesian 
wells  near  the  northern  edge  of  the  Pomona  artesian  area.  These 
wells  ceased  to  flow",  ^dth  others  in  the  same  belt,  in  the  late  nineties. 
A  pumping  plant  was  then  installed,  and  by  its  use  from  40  to  80 
inches  of  water  are  now  procured  from  two  wells  (No.  291,  Cuca- 
monga  quadrangle)  and  carried  through  a  22-inch  main  in  a  south- 
easterly direction  to  the  Palomares  tract,  which  Ues  between  the 
territory  covered  by  the  Irrigation  Company  of  Pomona  and  that 
served  by  the  Del  Monte  Irrigation  Company. 

Pumping  is  usually  begun  in  April  and  is  continued  thirty  days  per 
month  and  twenty-four  hours  per  day  until  November.  The  water  is 
distributed  in  full  heads  of  40  to  80  inches,  each  100  shares  receiv- 
ing a  twelve-hour  run  monthly. 

The  expenses  involved  in  the  maintenance  of  the  plant  and  the  dis- 
tribution of  the  water  are  met  by  an  annual  assessment  on  the  share- 
holders. For  a  number  of  years  this  assessment  varied  between  a 
minimum  of  $3  and  a  maximum  of  $6  per  acre  annually. 
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CONSOLn>ATED   WATER    COMPANY   OF   POMONA. 

The  Consolidated  Water  Company  of  Pomona  was  oi^anized  hy 
Messrs.  Becket,  Brady,  and  Lathrop,  and  incorporated  May  23,  1n^9. 
with  a  capital  stock  of  $500,000,  divided  into  5,000  shares  of  $1C» 
par  value  each. 

The  company  serves  the  city  of  Pomona  with  wat^r  for  domestic 
purposes.  The  supply  is  obtained  from  five  pumping  plants  hKate<l 
in  the  old  artesian  basin  about  three-fourths  of  a  mile  south  of  North 
Pomona  and  from  wells  and  tunnels  in  San  Antonio  Wash,  one-fourtli 
of  a  mile  east  of  IniUan  Hill.  Four  of  the  five  plants  were  installe^l  in 
1897  and  1898,  and  the  fifth  in  the  spring  of  1904.  Three  of  them  are 
equipped  with  Addison-Lindsey  deep- well  Uft  pumps  and  two  ^iih 
centrifugal  pumps.  Electric  power  is  used,  and  the  combined  capac- 
ity of  the  five  plants  is  given  at  200  inches.  The  cost  is  state<l  to  he 
about  $15,000. 

In  the  years  1892-1896  land  east  of  Indian  Hill  was  purchased  fn>iB 
Peter  Fleming  and  James  Becket,  and  a  tunnel  was  driven  into  the 
wash  in  order  to  develop  a  gravity  flow.  This  tunnel,  starting  at  the 
surface  near  Claremont,  is  about  1  mile  in  length  and  reaches  a  deptli 
of  120  feet  at  the  upper  end.  Two  wells  have  been  sunk  along  it  and 
now  flow  into  it.  A  pipe  line  has  also  been  laid  along  the  lower  part 
of  the  tunnel,  and  this  section  filled.  The  combined  cost  of  the  lan<l, 
tunnel,  and  wells  is  given  as  $150,000. 

The  flow  from  this  system  varies  with  the  season  and  the  rainfall. 
During  the  winter  months  it  reaches  160  inches,  and  is  then  ample  for 
the  city^s  needs.  During  the  summer  season,  when  the  demands  are 
heavy,  the  flow  decreases,  and  an  auxiliary  supply  is  furnished  by  the 
pumping  plants.  Early  in  June,  1904,  the  flow  from  the  wells  and 
tunnel  was  reported  at  70  inches,  and  during  July  of  the  same  year,  o4 
inches.  The  city  requires  about  130  inches  during  the  heated  temi,  a 
large  amount  being  applied  to  lawns,  shrubbery,  gardens,  etc. 

In  1905  the  company  reported  1,500  taps  in  active  use.  A  part  of 
the  service  is  equipped  with  meters,  of  which  there  were  then  about 
300,  more  than  half  of  them  owned  by  the  consumers.  Citizens  may 
install  meters  at  any  time  at  a  cost  of  $12,  and  pay  thereafter  for  the 
actual  amount  of  water  used.  Where  meters  are  not  used,  the  chai^ges 
are  regulated  in  great  detail  by  city  ordinance.  An  idea  of  the  rates 
may  be  obtained  from  the  following  items:  A  charge  of  $1  per  month 
is  made  for  houses  of  five  and  six  rooms,  and  10  cents  per  month  for 
each  additional  room.  For  irrigating  lawns,  25  cents  per  month  i> 
charged  throughout  the  year  for  50  square  yards  or  less,  and  one- 
fourth  of  a  cent  for  each  additional  yard.  Where  meters  are  installed 
the  following  rates  were  established  for  the  year  beginning  July  It 
1904:  Minimum  rate.  600  cubic  feet  or  less,  per  month,  $1:  each 
additional  100  cubic  feet  to  2,500  cubic  feet,  10  cents;  each  100  ciibiV 
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feet  over  2,500  cubic  feet,  8  cents.  In  its  collecting  and  distributing 
system  the  company  owns  6.6  miles  of  cement  pipe,  8  to  20  inches  in 
diameter;  9.4  miles  of  iron  pressure  pipe,  6  to  16  inches  in  diameter; 
43.5  miles  of  iron  pressure  pipe,  2  to  5  inches  in  diameter;  and  1  reser- 
voir, capacity  1,000,000  gallons. 

The  cost  of  this  system  is  about  $90,000,  while  the  total  investment 

in  lands,  water  rights,  tunnels,  wells,  pumping  plants,  and  distributing 

systems  is  given  as  $362,000. 

KINGSLEY  TRACT  WATER  COMPANY  (LIMITED). 

The  irrigating  enterprise  knowTi  as  the  Kingsley  Tract  Water  Com- 
pany (Limited)  was  incorporated  September  10,  1900,  and  capitalized 
at  $53,625,  divided  into  5,362  J  shares  of  a  par  value  of  $10  per  share. 
About  2,900  shares  have  been  issued  to  the  55  stockholders,  and  the 
w^ater  is  distributed  to  these  and  to  five  tenants  in  common  on  the 
tract  who  have  not  come  into  the  corporation. 

The  Kingsley  tract  is  located  northeast  of  Pomona,  and  is  a  part  of 
the  original  Loup  &  Meserve  tract,  to  which  a  portion  of  the  San 
.\jitonio  Canyon  water  is  appurtenant.  The  Kingsley  Tract  Water 
Company  is  a  mutual  water-supply  company,  organized  to  distribute 
the  stockholders'  share  of  the  canyon  water  and  to  develop  and  control 
a  supply  of  domestic  water.  It  has  no  control  over  the  canyon  water, 
but,  with  the  the  consent  of  the  holders  of  canyon  rights,  distributes 
their  water  and  collects  assessments  for  maintaining  the  canyon 
system.  When  the  flow  from  San  Antonio  Canyon  apportioned  to 
Pomona  irrigators  equals  312  inches,  the  Kingsley  tract  receives  52.65 
inches,  and  the  same  proportion  of  a  lesser  flow.  The  company  pumps 
domestic  water  and  an  auxiliary  supply  for  irrigation  from  well  No. 
280  (Cucamonga  quadrangle).  Pumped  water  is  used  for  irrigation 
only  when  necessary  to  keep  the  canyon  head  up  to  the  regular  amount. 
The  well  was  sunk  in  1884  by  S.  B.  Kingsley,  under  contract  with  R. 
Cathcart,  the  owner  of  the  property  (m  which  it  is  located.  It  was 
once  artesian  but  it  ceased  flowing  about  1892.  By  the  terms  of  the 
contract  Mr.  Cathcart  retained  a  two-fifths  interest  in  the  well  and 
guaranteed  a  protection  strip  of  600  feet  surrounding  it. 

The  pumping  plant,  consisting  of  a  30-horsepower  gas  engine  and 
centrifugal  pump,  was  installed  in  1898  or  1899.  It  has  a  capacity  of 
30  inches.  The  water  is  piped  a  distance  of  half  a  mile  southeastward 
to  a  reservoir  in  the  upper  part  of  the  tract,  and  thence  is  distributed 
to  two  smaller  reservoirs.  The  large  reservoir  is  300  feet  in  diameter 
and  12  feet  deep.  Because  of  the  large  storage  capacity  of  the  reser- 
voirs, night  and  Sunday  irrigation  is  unnecessary.  The  distributing 
system  consists  of  6J  miles  of  irrigating  pipe  from  6  to  10  inches  in 
diameter,  and  of  about  the  same  amount  of  iron  pipe  for  domestic 
supply,  from  1  to  4  inches  in  diameter. 
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Canyon  water  costs  the  irrigators  about  S2  per  miner's  inch  per  year, 
and  pumped  water  is  supplied  at  cost  to  the  stockholders.  About  3o0 
acres  are  partially  supplied  with  irrigating  water,  and  domestic  water 
is  furnished  to  55  families.  The  water  is  distributed  in  25-inch  heads, 
each  acre  being  given  a  102-minute  run  every  two  w^eeks.  This  L? 
about  equivalent  to  1  miner's  inch  constant  flow  to  8  acres.  For  any 
excess  over  the  regular  head  irrigators  pay  2  cents  per  hour-inch. 

Including  the  Loup  &  Meserve  tract  assessment  of  $104,  the  cost  uf 
operating  and  maintaining  the  system  from  January  1,  1904,  to  Janu- 
ary 1,  1905,  was  $1,768.  During  the  same  period  $2,546  was  spent  in 
development  and  new  machinery.  These  chaises  are  met  by  asse^ 
ments  on  the  stock. 

MOUNTAIN  VIEW  WATER  COMPANY. 

The  Mountain  View  Water  Company  is  the  successor  of  the  old 
Fleming  &  Rohrer  works,  which  consisted  of  several  miles  of  pipe  line 
and  several  hundred  feet  of  tunnel  driven  into  an  outcrop  of  the  i»li: 
red  alluvium  that  is  exposed  in  San  Antonio  Wash  ahout  1*  ruiles  ea.«»f 
of  Indian  Hill.  With  these  earlier  works  the  company  acquired  4^" 
acres  of  land,  paying  for  the  land  and  the  developments  $13,87.5. 
After  acquiring  the  property  the  company  sunk  several  wells  anti 
extended  the  tunnels  to  tap  them.  In  July,  1896,  a  corporation  wii> 
formed,  the  capital  stock  being  fixed  at  $45,000,  divided  into  13,87.') 
shares.  This  stock  is  not  appurtenant  to  the  land,  hut  is  held  only 
by  landowners. 

In  1895  the  gravity  flow  from  the  tunnel  and  wells  reached  1.3s 
inches,  but  during  the  succeeding  years  the  output  diminished,  and  in 
1899  two  pumping  plants  were  installed.  These  plants  consist  of 
18-  and  12-horsepower  gas  engines  and  centrifugal  pumps.  Their 
combined  capacity  is  45  miner's  inches.  During  the  winter  seascm 
one  well  (Xo.  Ill,  Cucamonga  quadrangle)  still  flows  a  small  amouni 
into  the  tunnel.  In  the  distributing  system  there  are  about  5  niilej«  of 
6-  to  16-inch  pipe. 

The  water  developed  is  piped  to  the  east  a  distance  of  IJ  miles 
and  used  on  the  Mountain  View  tract,  about  1^  miles  northwest  ol 
Upland,  except  for  three  days  of  each  month,  when  it  is  conducteti 
to  the  village  of  Clarernont  and  used  there  for  domestic  supplv 
There  are  about  400  acres  under  irrigation  in  this  system,  and  the 
water  is  distributed  montlily  in  30-inch  heads  on  the  basis  of  1  inch 
to  10  acres.  The  cost  of  the  water  to  the  users  is  approximately  ^ 
per  inch,  or  $5  per  acre  annually. 


Digitized  by  LjOOQ IC 


IKEIGATION   ENTEBPBISES.  87 

CANYON  RIDGE  WATER  COMPANY. 

The  Canyon  Ridge  Water  Company  is  a  small  company  which 
irrigates  about  160  acres  of  land  northwest  of  Upland,  near  the 
^lountain  View  Water  Company's  tract.  It  w^as  incorporated  March 
12,  1900,  and  capitalized  at  $20,000,  divided  mto  400  shares  with  a 
par  value  of  $50  each.  The  stock  is  distributed  among  irrigators 
only.  The  company  owns  10  acres  of  land  in  the  upper  part  of 
the  Ontario  colony  tract,  on  w^hich  a  well  has  been  sunk  (No.  86, 
Cucamonga  quadrangle)  and  a  pumping  plant  installed.  The  plant 
consists  of  a  20-horsepower  gas  engine  and  a  deep-w-ell  pump  \vith  a 
capacity  of-  25  miner^s  inches.  About  2}  miles  of  6-inch  pipe  are 
laid  down  the  slope  to  the  stockholders'  lands,  where  the  w^ater  is 
used.  Distribution  is  effected  in  full  heads  in  rotation  at  intervals 
of  thirty  days.  The  cost  of  the  water  to  the  users  is  given  at  about 
$60  per  inch  annually. 

UPLAND  WATER  COMPANY. 

The  Upland  Water  Company  is  a  corporation  organized  principally 
by  stockhoklers  of  the  Mountain  View  Water  Company  for  the  pur- 
pose of  developing  an  auxiliary'  supply.  The  organization  was 
eflFected  in  1900,  on  the  basis  of  a  $30,000  capitalization  divided  into 
300  shares.  During  the  same  year  the  company  bought  30  acres  of 
land,  east  of  Upland  and  north  of  the  Red  Hills,  sunk  a  w^ll  (Xo. 
58,  Cucamonga  quadrangle),  and  installed  a  pumping  plant.  The 
original  plant,  consisting  of  a  steam  engine  and  Worthington  pump, 
was  replaced  in  1905  by  an  electric  motor  and  Pomona  deep-well 
pump.  The  total  investment  in  well  and  plant  up  to  1905  w^as  about 
$1,200. 

The  capacity  of  the  plant  is  reported  as  40  inclies.  The  water 
produced  flows  through  about  26,000  feet  of  10-  and  8-inch  cement 
pipe  to  the  Mountain  View  tract,  west  of  Upland,  where  it  is  dis- 
tributed monthly  in  full  heads  to  the  stockholders,  who  are  all  irri- 
gators.    The  cost  of  the  w^ater  per  annum  is  given  as  $10  per  acre. 

ORANGE    GROVE   TRACT   WATER   COMPANY. 

The  Orange  Grove  Tract  Water  Company  was  organized  in  1889 
by  John  E.  Packard,  who  owned  artesian  water-bearing  lands  north 
of  Pomona  and  about  three-fourths  of  a  mile  from  the  easternmost 
point  of  the  San  Jose  Hills.  Mr.  Packard  sunk  wells  on  this  property, 
laid  pipe  lines  and  constructed  reservoirs,  and  sold  the  rights  to  14  J 
inches  of  w^ater  to  the  owners  of  the  Vineyard  tract  of  80  acres, 
located  in  the  present  city  of  Pomona.  A  large  part  of  the  Vineyard 
tract  has  since  been  cut  up  into  city  lots.     The  water  right  of  the 
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23  acres  north  of  Pomona,  on  which  the  pumpmg  plant  is  situated, 
was  transferred  by  Mr.  Packard  to  the  Orange  Grove  Water  Company, 
subject  to  the  prior  right  of  14^  inches,  made  appurtenant  to  the 
Vineyard  tract,  as  mentioned  above. 

Lands  of  the  present  Orange  Grove  tract,  which  hes  south  of  the 
San  Jose  HilLs  and  west  of  Pomona  on  Holt  avenue,  were  sold  with 
10  shares  of  water  stock  per  acre.  Four  thousand  seven  hundred 
and  twenty  shares  were  issued,  covering  472  acres.  There  are  26 
stockholders  in  the  company,  and  all  water  developed  except  that 
belonging  to  the  Vineyard  tract  is  used  by  them.  None  is  sold 
outside. 

In  the  late  nineties  the  artesian  flow  of  the  wells  ceased,  and  about 
1899  the  company  put  in  a  pumping  plant.  This  plant  was  installed 
for  the  purpose  of  supplying  the  Orange  Grove  company  with  domestic 
water  and  the  Mneyard  tract  with  the  14i  inches  to  which  it  was 
entitled.  The  plant  consists  of  a  25-horsepower  gas  engine  and  a 
centrifugal  pump.     It  is  in  operation  throughout  the  year. 

For  irrigating  purposes  the  company  utilizes  the  water  developetl 
from  the  Alkire  tunnel,  wliich  it  has  leased  for  a  term  of  years.  This 
tunnel,  constructed  b}'  Josiah  Alkire,  is  located  close  to  the  eastern 
point  of  the  San  Jose  Hills  and  intercepts  a  part  of  the  underflow 
around  that  point.  The  flow  from  this  tunnel  during  August,  1905, 
was  stated  by  Mr.  French,  the  secretar^'^  of  the  company,  to  be  28 
inches.  The  water  developed  is  delivered  to  the  Orange  Grove  tract 
and  distributed  in  open  ditches  in  20-inch  heads,  each  acre  being 
given  a  nm  of  three  and  three-fourths  hours  per  month. 

The  combined  cost  of  irrigating  and  domestic  water  during  the 
four  years  from  1902-1905  is  reported  to  have  been  about  $5  per  acre. 
This  was  covered  by  asscvssments  on  the  stock. 

CLAREMONT   COOPERATIVE    POWER    COMPANY. 

The  Claremont  Cooperative  Water  Company  was  organized  in  1902, 
and  90  acres  of  land  close  to  the  foothills  2  miles  northwest  of  Clare- 
mont were  purchased.  A  well  and  pumping  plant  which  had  already 
been  installed  on  the  property  were  included  in  the  purchase. 

The  lands  on  which  the  water  is  used  he  just  north  of  Claremont, 
and  the  water  is  delivered  to  them  tlu'ough  about  2}  miles  of  12-  and 
8-inch  cement  pipe.  The  plant  has  a  capacitj'  of  30  miner's  inches, 
but  only  about  60  acres  are  irrigated.  No  water  is  sold,  the  stock- 
holders of  the  company  using  all  that  is  pumped.  The  cost  to  them 
is  reported  to  be  about  IJ  cents  per  hour-inch. 
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CITIZENS'    LIGHT   AND    POWER    COMPANY. 

The  Citizens'  Light  and  Power  Company  was  organized  principally 
for  the  purpose  of  supplying  the  village  of  Claremont  with  domestic 
Avater.  It  was  incorporated  December  6,  1902,  on  a  basis  of  1,045 
shares  of  stock  of  a  par  value  of  $10  per  share,  making  a  total  capital 
of  $10,450. 

In  April,  1903,  40  acres  of  land  were  purchased,  high  up  on  the 
Klope  above  Claremont,  about  1  mile  from  the  foothills.  Develop- 
ment was  begun  on  this  property  the  same  season.  A  well  was  sunk 
antl  equipped  with  a  25-horsepower  gas  engine  and  Pomona  plunger 
pump,  an  8-  or  10-inch  main  was  laid  to  the  village  2  miles  below, 
and  a  reservoir  with  a  capacity  of  1 ,250,000  gallons  was  constructed. 
The  plant  will  produce  about  25  inches  of  water. 

CHINO    LAND    AND    WATER    COMPANY. 

The  Chino  Land  and  Water  Companj^  was  organized  in  1900,  with 
a  capital  stock  of  $1,500,000,  divided  into  15,000  shares,  the  par 
value  of  each  being  $100.  It  succeeded  to  the  holdings  of  Richard 
Gird,  of  Chino,  these  holdings  including  the  greater  part  of  the  Chino 
ranch  of  37,500  acres,  with  certain  water  rights  and  obligations.  The 
company  ovms  14  or  15  flowing  wells  in  the  Chino  artesian  belt  and 
two  pumping  plants. 

The  greater  part  of  the  water  supply  is  furnished  by  a  group  of 
ten  artesian  wells,  situated  about  1 J  miles  southwest  of  Cliino.  The 
water  from  this  group  is  conducted  for  seyeral  miles  in  a  southeasterly 
direction  through  an  earthen  ditch,  to  600  or  700  acres  of  alfalfa  land 
to  which  it  is  applied.  The  artesian  flow  is  supplemented  during  the 
heated  term  by  the  water  yieldeil  by  a  pumping  plant  installed  in 
1903,  about  half  a  mile  from  the  artesian  group. 

A  second  pumping  plant,  which  supplies  the  village  of  Chino  with 
domestic  water,  is  situated  about  IJ  miles  north  of  Pomona.  Tliis 
plant  was  installed  in  1901,  and  a  portion  of  its  product  is  sometimes 
sold  to  outsiders.  The  well  is  one  of  the  original  Gird  group,  bored 
in  the  early  eighties,  and  is  reported  to  have  yielded  80  inches  of 
artesian  water  when  first  put  down.  There  were  23  of  these  wells, 
drilled  in  the  old  Palomares  ci6naga,  and  their  reported  total  yield 
in  the  latter  part  of  the  decade  between  1880  ami  1890,  is  300  or  350 
inches.  A  pipe  line  with  a  capacity  of  300  inches  was  laid  by  Mr. 
Gird  from  the  wells  to  the  vicinity  of  Cliino,  and  his  total  investment 
in  wells,  pipe  Hnes,  and  water  rights  is  given  as  $200,000.  The  wells 
failed  rapidly,  however,  and  all  ceased  flowing  in  the  years  1888  to 
1891,  and  since  Mr.  Gird  had  agreed  not  to  pump  them,  they  have 
all  been  abandoned,  except  Nos.  280  and  287,  Cucamonga  quadrangle. 
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over  which  pumping  plants  hare  been  installed,  and  five  or  six  others 
which  are  used  by  ranchers  for  domestic  supply. 

Some  supplementary  irrigation  is  accomplished  on  the  Chino  rancho 
by  the  use  of  waste  waters  from  the  beet-sugar  factory  at  Chino.  A 
group  of  15  wells  Ls  pumped  by  compressed  air  for  the  use  of  the 
factory  when  it  is  in  operation,  and  the  waste  is  conducted  south  ff 
Chino  to  lands  on  the  north  and  south  banks  of  Chino  Creek. 

SAN  JOSE  VALLEY  SYSTEMS. 
Cl'RKIER   TRACT    WATER    COMPANY. 

The  Currier  Tract  Water  Company  was  incorporated  in  September, 
1900,  with  a  capital  stock  of  $10,000,  divided  into  300  shares,  wh«i<? 
par  value  is  $33.33  each.  There  are  at  present  35  stockholders  in 
the  company.  The  company  owns  a  well  and  pumping  plant  (No.  1. 
Pomona  quadrangle),  located  a  short  distance  west  of  Pomona.  The 
plant  consists  of  a  30-horsepower  electric  motor  and  centrifugal  punip. 
which  with  the  well  cost  $3,300.  In  addition  to  this  plant,  \\  iiiile> 
of  10-inch  cement  pipe  have  been  laid  at  an  expense  of  $2,300,  brin^nir 
the  total  investment  up  to  $5,600.  From  this  plant  about  100  acres. 
principally  in  citrus  fruits,  are  irrigated.  It  is  reporte<l  by  offi(•e^ 
of  the  company  that  in  July,  1905,  an  oflicial  measurement  was  nwde 
which  indicated  an  output  of  56  miner's  inches  from  the  plant.  Cust> 
are  given  as  85  cents  per  hour  for  pumping,  while  the  total  C(X<t  for 
operation  and  maintenance  is  from  $550  to  $560  annually. 

A.  T.  CniRIER   DEVELOPMENT. 

The  plant  of  A.  T.  Currier  is  a  private  enterprise,  but  its  magnitude 
justifies  a  brief  description.  It  consists  of  two  wells  located  on  the 
south  bank  of  San  Jose  Creek  about  U  miles  below  Spadra,  560  feet 
of  wooden  flume,  and  3i  miles  of  18-  and  20-inch  vitrified  \n\^'- 
through  which  the  water  is  carried  along  the  foot  of  the  hills  soutli 
of  San  Jose  Creek  valley,  the  line  terminating  south  of  Lemon.  Thf 
wells  were  sunk  in  1902  to  bed  rock,  which  was  reached  at  80  and 
115  feet,  and  the  pipe  line  was  laid  during  the  same  year,  at  a  total 
expense  of  $15,400. 

NORTH    DITCH. 

The  old  irrigation  work  formerly  known  as  the  Rowland  &  Faster 
ditch  diverts  water  from  the  bed  of  San  Jose  Creek  about  1}  milt^ 
northeast  of  Lemon.  It  follows  the  creek  for  one-fourth  mile  until 
it  attains  the  elevation  of  the  bottom  lands,  thence  it  passes  due  >ve>i 
across  the  valley  for  about  1  mile.  The  original  ditch  was  buili  fifty 
or  sixty  years  ago  by  the  Spanish,  but  the  present  work,  a  dirt  d\\A 
throughout,  was  dug  in  1885. 
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The  water  supply  from  the  creek  varies  with  the  season,  but  is 
usually  less  than  40  miner's  inches.  The  supply  being  lowest  during 
the  summer  season,  when  irrigating  water  is  most  needed,  it  has  been 
found  necessary  to  supplement  it  by  installing  pumping  plants,  four 
of  which  are  in  operation.  The  water  is  used  by  the  ranchers  in  the 
I^emon  district  on  the  north  side  of  the  creek,  who  irrigate  from  100 
to  125  acres.  The  entire  head  is  distributed  on  the  basis  of  one  hour 
I>er  acre  each  twenty-one  days. 

aoiTTH  DrrcH. 

About  one-half  mile  below  the  diversion  dam  on  San  Jose  Creek  at 
the  head  of  the  combined  north  and  south  ditches  the  water  is  divided 
and  half  the  flow  is  carried  across  the  creek  by  flume  and  through  the 
south  ditch  for  about  2  miles  in  a  southwesterly  direction  to  the 
ranches  which  are  served  by  it  on  the  south  side  of  the  valley.  Eleven 
individual  ranchers  are  entitled  to  the  water  from  this  ditch,  but  as 
the  flow  is  much  too  small  for  the  acreage  under  cultivation,  five  or 
six  pumping  plants  have  been  established  to  furnisli  an  additional 
supply.  The  north  and  south  ditches  share  the  water  of  San  Jose 
Creek  at  their  common  diversion  point  equally,  each  receiving,  it  is 
said,  from  15  to  40  miner^s  inches.  On  the  south  ditch  the  full  head 
is  distributed  on  the  basis  of  one  hour  per  acre  each  twenty-five  days. 

LORDSBURG  VVTATER  COMPANY. 

The  Lordsbiu-g  Water  Company  was  incorporated  December  5, 
1900,  with  a  capital  stock  of  $36,000,  divided  into  3,600  sharei?,  with 
a  par  value  of  $10  each.  Before  the  incorporation  of  the  company 
its  organizers  had  sunk  wells,  installed  pumping  plants,  and  laid  a 
pipe  line,  at  an  expense  of  nearly  $12,500.  This  property  was  ex- 
changed for  the  stock,  which  is  distributed  among  35  shareholders. 
Three  thousand  five  hundred  shares  were  issued  to  the  original 
owners,  while  100  shares  were  retained  as  treasury  stock.  Later 
the  company  purchased  some  stock,  so  that  in  1905  there  were  but 
3,146  shares  out. 

Tl\e  company  owns  three  wells,  two  of  which  (Nos.  50  and  63, 
Pomona  quadrangle)  are  in  use.  One  of  these  wells  Is  pumped  by  a 
20-horsepower  electric  motor  and  the  other  by  a  24-horsepower  ga^ 
engine.  The  officers  of  the  company  report  that  from  50  to  60  miner^s 
inches  are  developed  by  the  two  plants. 

The  distributing  system  includes  about  5  miles  of  pipe  line,  nearly 
^  miles  of  which  are  in  the  main  conduit,  which  extends  northwest- 
ward from  the  pumping  plants  to  San  Dimas  Wash  and  connects  with 
the  San  Dimas,  Covina,  and  Azusa  irrigating  systems.  This  conduit 
is  16,  12,  and  10  inches  in  diameter,  according  to  grade,  and  has  a 
capacity  of  120  to  140  miner's  inches. 
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The  cost  of  the  water  is  given  by  the  company's  ofBcers  as  about 
li  cents  per  hour-inch.  Some  stockholders  have  more  water  thjiii 
they  need,  and  sales  are  sometimes  made  to  outsiders  at  a  rate  of  2^ 
cents  per  hour-inch. 

There  are  300  acres  irrigated  by  the  company,  40  acres  south  of 
the  plant  at  Lordsburg  and  the  balance  below  the  pipe  line  between 
Lordsburg  and  San  Dimas.  Citnis  fruits,  alfalfa,  and  potatoes  are 
grown. 

LAVERNE  LAND  AND  WATER  COMPANY. 

The  Laverne  Land  and  Water  Company  is  a  cooperative  concern, 
organized  and  incorporated  October  30,  1899.  The  capitalization  L< 
$25,000,  divided  into  500  shares  whose  par  value  is  $50  each.  The 
paid-up  capital  represents  about  one-half  of  the  capital  stock,  241 1 
shares  having  been  issued. 

At  the  time  of  the  organization  of  the  company  15  acres  of  land 
were  purchased,  and  in  1900  two  wells  (Xo.  249,  Pomona  quadrangle) 
were  sunk  on  this  property,  which  lies,  li  miles  northeast  of  Lonls- 
burg.  A  38-horsepower  gas  enghie  and  two  deep-well  pumps,  with 
a  combined  capacity  of  55  inches,  were  installed,  and  3  miles  of 
cement,  steel,  and  vitrified  pipe  were  laid  west  and  northwest  fn>m 
the  plant  for  the  delivery  of  water  to  the  lands  under  irrigation. 
Both  pumps  are  in  operation  only  when  the  demand  for  water  is 
large.  The  company  reports  that  in  1903  one  pump  was  used  1,087 
hours  and  two  pumps  were  used  1,402  hoiurs,  and  that  in  1904  one 
pump  was  used  650  hours  and  two  pumps  were  used  3,170  hours. 

A  charge  of  75  cents  per  hour  is  made  for  the  output  of  both  puAips, 
a  rate  of  1^^  cents  per  hour-inch  when  the  full  head  of  55  inches  is 
delivered ;  and  40  cents  per  hour  is  charged  for  the  output  of  one  pump. 

The  water  is  used  to  irrigate  241  acres  of  citrus  fruits.  Each  acre 
is  given  a  two  and  one-half  hours'  run  of  a  full  head  every  thirty  days, 
wliich  is  equivalent  to  a  duty  of  1  inch  continuous  flow  to  5.3  acres 
when  the  full  head  of  55  inches  is  delivered.  Water  in  excess  of  the 
regular  supply  is  sometimes  furnished  to  stockholders  and  to  out- 
siders.    In  these  cases  a  charge  of  3  cents  per  hour-inch  is  made. 

LEVERNE  IRRIGATING  COMPANY. 

The  Laverne  Irrigating  Company  was  incorporated  March  17,  1902. 
with  a  capital  stock  of  825,000,  divided  into  500  shares.  One  acre  of 
land  with  a  w^ater  right  to  5  acres  and  one-third  interest  in  a  well  and 
pumping  plant  were  acquired  at  Laverne,  1  mile  east  of  San  Dimas. 
from  L.  T.  Gillett.  The  well  had  been  sunk,  the  plant  installed,  and 
the  pipe  line  laid  in  1900.  The  pumping  machinery  consists  of  ft 
35-horsepower  gas  engine  and  centrifugal  pump  Xo.  4  and  the  dis- 
tributing system  of  2  miles  of  10-inch  cement  pipe.     One  hundred 
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acres  of  citrus  fruits  are  irrigated,  the  water  costing,  it  is  reported,  1 
cent  per  hour-inch.  Water  is  distributed  in  full  heads  at  thirty- 
day  intervals. 

SAN  DIMAS  IRRIGATION  COMPANY. 

In  1885  Messrs.  Lyuian,  Allen,  and  Bixby,  owners  of  riparian  water 
rights  in  San  Dinias  Canyon,  which  they  had  purchased  from  Messrs. 
Brooks  and  Rogers,  who  made  the  original  filings,  laid  an  8-inch  pipe 
from  the  bed  of  San  Dimas  Oeek  out  to  the  mesa  lands  east  of  the 
wash.  During  the  same  year  they  organized  the  San  Dimas  Land 
and  Water  Company,  capitalizing  it  at  $60,000,  A^ath  1,200  shares  of 
of  stock,  1,025  of  which  have  been  issued.  The  San  Jose  Ranch  Com- 
pany was  organized  in  April,  1887,  wdth  a  capital  stock  of  $300,000, 
and  controlled  several  thousand  acres  of  land  lying  south  of  San 
Dimas  Wash  and  extending  westward  to  the  Covina  district.  Its 
water  rights  covered  the  '^Mud  Springs^'  ci6naga,  1  mile  southeast  of 
San  Dimas;  the  developments  in  Sycamore  Flat  Canyon,  which  thej> 
yielded  10  to  15  inches,  but  have  since  been  abandoned;  and  certain 
claims  on  the  flow  of  San  Dimas  Canyon  based  on  the  company's 
holdings  of  lands  in  the  upper  part  of  the  canyon.  In  addition,  it 
took  possession  of  the  water  rights  and  development  work  of  the  San 
Dimas  Land  and  Water  Company,  agreeing  in  return  to  furnish  the 
latter  company  with  35  miner's  inches  constant  flow. 

Extended  and  expensive  developments  were  at  once  undertaken. 
A  12-  and  14-inch  cement  conduit  w^as  laid  from  the  masonry  forebay 
at  the  opening  of  San  Dimas  C^anyon  to  the  plain  on  the  south,  wliich 
formed  a  part  of  the  large  tract  controlled  by  the  Ranch  Company. 
Sixteen  7-inch  wells  were  sunk  in  the  Mud  Springs  ci^naga,  ami  a 
tunnel  was  driven  to  cut  the  wells  at  points  varving  from  20  to  30  feet 
below^  the  surface.  During  the  year  of  organization  (1887)  and  the 
five  years  following,  3,300  feet  of  3-  by  6-foot  tunnel  were  constructed 
in  the  ci^naga  and  a  gravity  flow  was  developed  which  is  reported  to 
have  at  one  time  reached  a  maximum  of  77  miner's  inches.  -  From 
the  canyon  line  and  the  Mud  Springs  ci^naga,  12  to  14  miles  of 
8-  b}'  10-inch  cement  distributing  pipe  were  laid  to  the  ranch  lands 
lying  west  of  these  sources.  While  these  expenditures  were  being 
made,  lands  with  water  rights  were  sold,  and  by  1891  these  rights, 
aggregating  160  inches,  had  been  disposed  of  (m  the  basis  of  $1,000 
per  inch.  The  company,  un^asely  managed  from  the  start,  had 
expended  in  various  ways  the  money  derived  from  the  sale  of  the 
lands,  but  had  made  no  adequate  provision  for  obtaining  tlie  water 
which  it  had  agreed  to  supply. 

During  the  years  1891  to  1894  the  flow  from  the  only  sources,  San 
Dimas  Canyon  and  Mud  Springs  ci^naga,  gradually  declined,  and  the 
company,  unable  to  meet  the  demands  of  those  who  had  bought 
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water  from  it,  oflFered  to  turn  over  to  them  its  remaining  assets, 
consisting  of  pipe  and  tunnel  systems,  various  water  rights,  and 
$3,000  in  cash.  This  offer  \»as  declined,  and  suit  was  instituted 
against  the  company  to  compel  the  delivery  of  the  full  quota  of  water 
according  to  contract;  but  a  minority  of  the  ranchers,  believing  that 
the  company  was  exempt  from  penalty  through  the  operation  of  thi* 
statute  of  limitations,  withdrew  from  the  suit,  and  after  n^otiation> 
with  the  San  Jose  Ranch  Company  organized  the  San  Dimas  Irrigation 
Company  on  October  15,  1894.  This  company  was  capitalized  at 
$160,000,  divided  into  1,600  shares,  and  to  it  the  system  of  pipe  lines^ 
and  tunnels  belonging  to  the  Ranch  Company  was  deeded.  It  was 
provided  also  that  other  purchasers  of  water  rights  from  the  San  Jose 
Ranch  Company  should  be  allowed  to  join  the  new  company  witbin 
a  year,  the  applicant  to  receive  10  shares  of  stock  in  the  new  organiza- 
tion for  each  inch  of  water  purchased  from  the  old. 

Inunediately  after  the  formation  of  the  San  Dimas  Irrigation 
Company,  suit  was  brought  to  determine  the  ownership  of  the  water 
from  the  Mud  Springs  ci6naga.  In  1896  a  decision  was  rendered, 
awarding  this  water,  which  had  now  fallen  to  33  inches,  according  to 
precedence  in  use,  thus  leaving  all  except  the  first  users  without  water. 
These  first  liters  shortly  afterward  organized  the  Ci6naga  Land  and 
Water  Company. 

The  flow  from  the  Mud  Springs  continued  to  decline,  but  the 
C^i^naga  C^ompany  was  unable  to  pump  because  the  wells  and  timnels 
belonged  to  the  San  Dimas  Irrigation  Company,  and  the  latter 
company  was  unable  to  pump  because  the  water  belonged  to  the 
C'i^naga  Company.  This  deadlock  was  broken  by  an  agreement 
reached  in  1898,  whereby  the  San  Dimas  Irrigation  Company  agreed 
to  install  a  pumping  plant  and  deliver  to  the  CHfinaga  Land  and  Water 
Company,  free  of  charge,  33  miner's  inches,  but  reserved  the  privilege 
of  turning  the  plant  over  to  the  Ci6naga  Company  at  any  time, 
allowing  the  latter  company  to  pump  the  33  inches  at  its  own  expense. 
In  case  this  was  done  the  San  Dimas  Irrigation  Company  was  to  be 
pennitted  to  enter  on  the  ci6naga  lands  and  install  an  independent 
plant  there. 

In  accordance  with  the  term^  of  this  agreement,  the  San  Dimas 
Company  installed  a  plant  in  1898,  and  for  three  years  delivered 
33  miner's  inches  to  the  Ci^naga  Company  free  of  charge.  At  the 
end  of  this  period,  becoming  dissatisfied,  the  San  Dimas  Company 
took  advantage  of  the  option  in  the  agreement  of  1898,  and  for  one 
year  the  plant  was  operated  at  the  expense  of  the  Ci^naga  Company, 
and  but  33  inches  developed.  Finally,  the  latter  company  claiming 
that  the  cost  of  pumping  under  this  arrangement  was  excessive,  a 
contract  was  entered  into,  by  the  terms  of  which  the  San  Dimas 
Company  agreed  to  furnish  the  Ci6naga  Company  with  33  inches  at 
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a  charge  of  three-fourths  of  a  cent  per  hour-inch.  This  contract 
expired  in  December,  1907. 

In  1895  it  was  discovered  that  a  large  body  of  water  underlay  San 
Dimas  Wash,  and  from  that  time  on  many  wells  were  sunk  there  and 
plants  were  established  to  supplement  the  supply  in  the  surround- 
ing districts.  The  San  Dimas  Irrigation  Company,  among  others, 
entered  this  district  in  1900,  purchased  land,  put  in  a  well,  and  erected 
a  pumping  plant.  In  1904,  because  of  the  increased  demand  and  the 
lowering  of  the  water  plane,  a  second,  deeper  well,  14  inches  in  diame- 
ter, was  bored  in  the  wash,  and  a  75-horsepower  electric  motor  installed 
over  it.  The  two  wells  there  yielded  60  miner's  inches  after  these  im- 
provements were  completed. 

In  1902  a  well  was  sunk  and  equipped  with  pumping  machinery  on 
Bonita  avenue,  about  one-fourth  mile  north  of  the  Mud  Springs 
cienaga,  and  a  considerable  addition  to  the  supply  was  thus  obtained. 
At  times,  also,  water  has  been  purchased  from  outside  systems  when 
available  at  a  reasonable  price,  and  by  these  various  means  the  supply 
has  been  kept  equal  to  the  demand.  The  only  gravity  water  owned 
by  the  company  is  the  tenth  part  of  the  flow  of  San  Dimas  Canyon, 
when  the  total  is  37  J  inches  or  less,  and  one-half  of  all  in  excess  of  this 
amoimt.  Title  to  this  share  is  a  result  of  the  compromise  of  January, 
1905,  wluch  ended  the  long  suit  between  the  San  Dimas  Land  and 
Water  Comj)any  and  other  claimants  to  San  Dimas  Canyon  water. 

Stock  of  the  San  Dimas  Irrigation  Company  is  held  exclusively  by 
landowners,  and  the  basis  of  distribution  is  1  inch  to  10  acres.  Water 
rates  are  esta})lished  yearly  and  are  controlled  by  the  cost  of  pumping. 
All  improvement  and  maintenance  charges  are  met  Ijy  separate  assess- 
ments. 

In  addition  to  the  water  owned  by  the  company,  about  150  inches  of 
alien  water  produced  by  independent  pumping  plants  is  distributed 
through  the  San  Dimas  system,  one-fourth  cent  per  hour-inch  being 
charged  for  this  service. 

Of  the  3,000  acres  irrigated  in  the  San  Dimas  district,  about  1,050 
are  suppUed  by  the  San  Dimas  Irrigation  Company,  Its  assets  are 
distributed  about  as  follows:  Pipe  lines,  20  miles  of  8-  to  18-inch  pipe, 
$30,000;  wells  and  three  pumping  plants,  $26,000;  three  pumping- 
plant  sites,  $2,300;  land  in  San  Dimas  Canyon,  $1,000;  total,  $59,300. 

ARTESIAN    BELT   WATER   COMPANY. 

The  Artesian  Belt  Water  Company  was  incorporated  August  14, 
1897,  and  capitalized  at  $30,000,  divided  mto  300  shares,  which  are 
distributed  among  .64  stockholders.  This  was  one  of  the  first  com- 
panies organized  in  the  San  Dimas  district  for  the  purpose  of  develop- 
ing and  distributing  pumped  water,  and  it  now  owns  and  pumps  the 
first  well  sunk  there  (No.  234,  Pomona  quadrangle).     This  well  was 
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bored  in  1895  and  the  first  plant  was  installed  in  1896  by  J-  O.  EnelL 
The  original  plant  was  a  30-horsepower  boiler  and  duplex  steam  pump. 
Now  a  54-horsepower  engine  is  used.  When  the  well  was  first  bored 
water  was  encountered  at  44  feet  from  the  surface,  but  the  water  plane 
has  since  declined  so  that  the  lift  is  now  much  more  than  this. 

In  addition  to  the  well  and  plant,  the  company  owns  10  acres  of 
land  in  San  Dimas  Wash  and  about  24  miles  of  r2-inch  cement  pipe, 
the  total  estimated  investment  being  $20,000.  The  distribution  of 
the  waters  and  the  administration  of  the  company  are  managed  much 
as  in  the  larger  San  Dimas  Irrigation  Company,  several  landowners 
being  stockholders  in  both  organizations. 

NEW  DEAL  LAND  AND  WATER  COMPANY. 

The  New  Deal  Land  and  Water  Company  was  organized  September 
25,  1890,  with  a  capital  stock  of  $100,000,  divided  into  2,000  shares. 
It  owns  and  operates  a  well  and  pumping  plant  (No.  236,  Pomona 
quadrangle),  1  mile  southeast  of  San  Dimas,  near  the  old  Mud  Springs 
ci^naga.  The  property  on  wliich  the  plant  is  located  was  purchased 
on  the  supposition  that  in  the  original  deed  from  the  San  Jose  Ranch 
Company  no  reservation  had  been  made  of  the  rights  to  the  under- 
ground water  in  this  vicinity,  but  after  the  transfer  of  the  Ranch  Com- 
pany's rights  to  the  San  Dimas  Irrigation  Company,  the  latter  organi- 
zation claimed  all  underground  waters  in  the  vicinity  of  the  springs, 
and  the  matter  was  carried  to  the  courts.  An  agreement  was  iinallv 
reached,  however,  by  the  terms  of  which  the  New  Deal  Land  and 
Water  Comj)any  was  given  the  right  to  sink  and  maintain  its  present 
well  and  was  guaranteed  a  protection  strip  within  a  radius  of  75  feet  of 
the  plant.  The  plant  consists  of  a  12-horsepower  gas  engine  and  a  No. 
2  Fulton  pump,  and  produces  from  10  to  20  inches  of  water,  with 
which  about  100  acres  of  citrus  fruits  are  irrigated. 

FROSTLESS    BELT    WATER   COMPANY. 

The  Frostless  Belt  Water  Company  was  incorporated  in  April,  1901, 
with  a  capital  stock  of  $10,000,  divided  into  1,000  shares,  all  of  wliich 
have  been  issued.  There  are  13  stockholders,  10  of  whom  also  owii 
stock  in  the  San  Dimas  Irrigation  Company. 

Soon  after  its  organization  the  company  purchased  20  acres  of  land 
at  Lavenie  at  a  cost  of  $1,500,  and  not  long  thereafter  a  well  was  bored 
(No.  224,  Pomona  quadrangle)  and  equipped  with  a  30-horsepower  ga> 
engine  and  centrifugal  pump.  The  i)lant  is  reported  to  yield  30 
miner's  inches.  About  12,000  feet  of  10-inch  cement  pipe  have  been 
laid  for  delivering  the  water  to  the  lands  of  the  stockholders  southwest 
of  San  Dimas.  The  water  is  delivered  in  full  heads  of  25  to  30  inches 
at  thirty-day  intervals,  at  the  rate  of  IJ  inches  to  10  acres.     Citnis 
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fruits  are  raised.  The  company  reports  its  investments  as  follows: 
Well  and  plant,  $2,800;  pipe  line,  $3,300;  real  estate,  $1,500;  total, 
$7,600. 

SAN   GABRIEL   SYSTEMS. 

HISTORY   OF   RIGHTS. 

Wm.  Ham.  Hall  states  that  the  church  fathers  are  reported  to 
have  taken  water  from  San  Gabriel  River  as  early  as  1821  for  irri- 
gation in  the  neighborhood  of  the  San  Gabriel  mission.  None  of 
the  present  rights,  however,  date  back  to  this  earliest  diversion, 
if  it  was  actually  made.  The  oldest  of  the  present,  ditches  is  the 
Azusa,  built  in  1843  by  Luis  Arenas,  owner  at  that  time  of  the  Azusa 
rancho.  Eleven  years  later  Andrfe  Duarte,  who  owned  the  Duarte 
rancho,  built  a  second  west-side  ditch,  to  which  some  of  the  west- 
side  irrigators  claim  their  rights  are  traceable. 

In  1852  or  1853  Mr.  Dalton,  who  had  meanwhile  acquired  the 
Azusa  rancho,  enlarged  the  east-side  ditch,  and  disputes  quickly 
arose,  both  as  to  the  boundaries  of  the  rancho  and  as  to  the  owner- 
ship of  the  water  carried  in  the  enlarged  ditch,  settlers  on  the  lower 
part  of  the  ranch  claiming  a  proportion  of  the  waters  carried  in  it. 
The  period  which  intervened  up  to  1889  was  one  of  much  confusion. 
Disputes,  litigation,  and  compromises  were  of  repeated  occurrence, 
the  settlements  which  resulted  from  the  latter  often  being  of  short 
duration.  At  the  same  time  other  settlers  were  taking  up  lands, 
and  the  interests  involved  became  constantly  greater  and  more 
complex.  Slauson  &  Martz,  from  whose  interests  the  Azusa  Agri- 
cultural Water  Company  was  later  developed,  secured  possession 
of  the  Azusa  ranch  between  1880  and  1883,  and  in  1882  the  Azusa 
Water  Development  and  Irrigating  Company,  later  the  Covina 
Irrigating  Company,  began  a  tunnel  for  developing  the  underflow 
of  the  San  Gabriel.  This  tunnel  was  completed  in  1889,  although 
the  canal  by  which  its  waters  were  carried  to  a  district  east  and 
south  of  that  served  by  the  older  Azusa  canal  had  been  finished  about 
1885.  The  builders  of  this  tunnel  claimed  to  have  developed  by  its 
construction  137  miner's  inches  of  water,  but  the  claim  was  disputed 
by  the  other  companies  interested  in  the  San  Gabriel  flow.  January 
26,  1889,  all  of  the  claimants  to  San  Gabriel  River  waters  entered  into 
an  agreement,  by  the  terms  of  which  the  water  was  divided  among 
them,  and  perfected  a  scheme  for  controlling  its  distribution.  For 
purposes  of  division  the  water  was  considered  as  consisting  of  720 
parts.  When  the  total  quantity  is  equal  to  or  less  than  1,700 
mLner's  inches,  each  of  the  claimants  gets  a  certain  number  of 
these  parts,  while  the  excess  above  1,700  inches  is  divided  somewhat 
diflFerently.  The  number  of  720ths  that  each  claimant  to  the  first 
47505— IBB  219—08 7 
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1,700  inches  and  to  the  excess  receives,  as  agreed  on  in  this  compro- 
mise, is  given  in  the  following  table: 

Division  of  San  Gabriel  River  vxtUrs. 
[In  seven  hundred  and  twentieths.] 

'First  1,700!  ^,„^^ 
inches,    i  '^*^«*- 

Azusa  Water  Development  and  Irrigating  Co ,  72  Kl 

Duarte  Mutual  Irrigation  and  Canal  Co.  and  Beaidslee  Water  Ditch  Co 216  l» 

Azusa  Land  and  Water  Co «  ,  33 

Azusa  Agricultural  Water  Co '  54  ;  « 

Kate  S.  Vosburg  and  I^uise  McNIel 27  a 

"  Old  users,"  represented  in  part  by  the  Azusa  Irrigating  Co.  and  Azusa  Water  \  , 

Development  and  Irrigatinig  Co 306  226 

At  the  time  of  the  compromise  a  committee  of  nine  members, 
appointed  by  the  several  companies  and  associated  irrigators,  was 
given  control  of  the  water  from  its  source  to  the  point  of  division 
between  the  east-side  and  west-side  users.  Subcommittees,  repre- 
senting the  respective  interests,  take  charge  of  the  water  below  this 
point. 

This  compromise  served  as  a  basis  for  the  division  of  the  water 
until  the  completion  of  the  San  Gabriel  Power  Company's  conduit 
in  1898.  After  this  conduit  was  built  the  power  company  claimed 
as  salvage  and  was  allowed  one-tenth  of.  all  the  canyon  flow^  except 
200  inches,  which  it  was  agreed  to  consider  as  developed  by  the 
Covina  tunnel.  This  tenth  was  deducted  proportionately  from  the 
share  of  each  of  the  users  under  the  compromise  agreement  of  18S9, 
and  on  August  1,  1898,  the  salvage  water  was  purchased  from  the 
power  company  by  the  Covina  Irrigating  Company  for  $66,500, 
and  is  now  owned  and  used  by  the  latter  organization.  The  old 
apportionment,  except  as  it  is  modified  by  this  salvage  agreement. 
is  still  in  force.  An  account  of  the  later  developments  is  given  in 
connection  with  the  sketch  of  each  of  the  companies  that  follows. 
The  quantity  of  water  available  in  the  San  Gabriel  for  all  users  and 
the  fluctuations  in  the  flow  of  the  stream  are  shown  in  the  accom- 
panying tables,  taken  from  the  records  of  the  United  States  Greo- 
logical  Survey.  The  minimum  discharge  of  which  there  is  record  is 
3  second-feet,  reached  in  July  and  September,  1899,  and  in  Septem- 
ber, 1900;  the  maximum  is  the  flood  of  March,  1905,  with  a  diachai^ 
of  11,130  second-feet. 
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ti  moled  monthly  discharge  of  San  Gabriel  River  and  canals  at  Aziusa,  Los  Angeles 

Cminty,  1896-1906. 

[Drainage  area,  222  square  miles.] 


Maximum. 

Minimum. 

Sec-feet. 
26 
36 
37 
40 
29 
13 
9 
9 
11 
10 
15 
17 

Mean. 

Sec-feet. 
37 
41 
111 
54 
36 
19 
12 
14 
13 
24 
19 
22 

Total  dis- 
charge. 

Run-off. 

Per  square 
mite. 

Depth. 

1896. 
imiiiry - 

Sec-feet. 
51 
61 

109 
91 
40 
27 
15 
36 
19 

188 
40 
37 

Acre-feet. 

2.275 

2,358 

6,825 

3,213 

2.214 

1,131 

738 

861 

774 

1,476 

1.131 

1,353 

Sec-feet. 
0.17 
.18 
.50 
.24 
.16 
.09 
.06 
.06 
.06 
.11 
.09 
.10 

TlV 

Inches. 
0.20 

^hrtiATy .     . .   -  - 

.19 

arch. 

.58 

Dril         

.27 

av  

.18 

jnc           -   

.10 

aly       

.06 

UgllS't 

.07 

eptemlier 

.07 

•ctober 

.13 

lovember 

.10 

>eoeniber 

.12 

The  year 

188 

9 

34 

24,349 

2.07 

1897. 

January 

February 

tfarch 

\Dril   

U7 

1,713 

1,765 

370 

196 

91 

52 

34 

23 

1,640 

34 

34 

1,766 

25 
64 
294 
201 
94 
54 
27 
22 
18 
22 
31 
28 

18 

57.9 
344.8 
466.6 
294.4 
145.0 
67.8 
38.1 
26.4 
20.7 
90.5 
33.3 
30.5 

134.6 

3,617 

19, 146 

28.623 

17,519 

8,851 

4,033 

2,343 

1,613 

1,226 

5,564 

1,860 

1,875 

96,270 

.260 
1.553 
2.097 
1.325 
.663 
.306 
.171 
.118 
.088 
.403 
.141 
.137 

.(504 

.292 
1.679 
2.418 
1.478 

MSy.....:: 

lune 

UUy 

August 

Septcmlier 

Octolwr 

November 

DecemJjer 

Til©  year        ... 

.748 
.341 
.197 
.136 
.098 

.m 

.149 
.158 

8.059 

1898. 

January 

February 

March                   

■  '■■'   ■■■ 

63 
70 
48 
37 
83 
30 
14 
9 
10 
10 
11 
18 

28 

32 

28 

25.3 

25.0 

14.5 
9.0 
5.0 
6.1 
7.5 
8.0 

11.7 

40 
40 
35 
33 
36 
19 
11 
7 
8 
9 
10 
14 

2,453 

2.241 

2,131 

1.960 

2.223 

1,150 

672 

456 

467 

533 

580 

832 

.18 
.18 
.16 
.15 
.16 
.09 
.05 
.03 
.04 
.04 
.04 
.06 

.20 
.19 
.18 

April 

fay 

June 

July 

August          

.17 
.19 
.10 
.06 
.04 

September 

.04 

October      

.06 

November 

.05 

December    

.07 

The  year 

83 

6.0 

22 

15,697 

.10 

1.34 

1899. 
January  

33 
28 
40 
28 
17 
22 
4 
6 
6 
26 
24 
39 

20 
18 
16 
12 
5 
3 
4 
3 
4 
10 
16 

23 

22 

26 

21 

14 

10 

4 

5 

4 

11 

14 

20 

1,414 

1,244 

1,623 

1.262 

842 

565 

221 

296 

220 

709 

847 

1,247 

.104 
.102 
.119 
.096 
.062 
.043 
.016 
.022 
.019 
.050 
.064 
.091 

.120 

February    

.106 

March  

.137 

ADril 

.107 

May        .: 

.071 

June 

.048 

July         •. 

.018 

.025 

September 

.021 

October         

.068 

November 

.071 

December 

.106 

The  year 

40 

3 

14.5 

10.489 

.065 

.887 

1900. 
January     

89 
23 
30 
26 
86 
22 
10 

I 

6 

5,200 

53 

22 
18 
16 
13 
16 
8 
4 
4 
3 
4 
5 
31 

~"3 

32 
20 
20 
17 
37 
15 
6 

1 

186 
40 

1,968 

1,111 

1,230 

1,012 

2,275 

893 

369 

24(1 

238 

307 

11,068 

1.269 

~     21,986 

.14 
.09 
.09 
,08 
.17 
.07 
.03 

02 
.02 
.02 

84 
.18 

.16 

February 

.09 

March 

.10 

April  

.09 

fy 

June 

July 

August 

September 

Octoter 

November 

.20 
.06 
.03 
.02 
.02 
.02 

.9:i 

December  1-16 

.11 

The  year 

5,200 

.15 

1.85 

, 
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Estimated  morUMy  discharge  of  San  Gabrid  River  and  canals  at  Azusa,  Las  Angeli 
County,  7^96-/906— Continued. 

[Drainage  area,  222  square  mileA.] 


JUl8Ouft^0B« 

Total  dla- 

Run-off. 

ICaximum. 

Minimum. 

Mean. 

charge. 
Acre-fe^. 

Per  square 
mile. 

Sec.-feei. 

Dfpfli. 

1901. 

8ec.'feet. 

Sec.-ftet. 

8ec.-feet. 
169      1 

Imcktf 

Janoary 

I,4fi0 

28 

10,391 

-T6 

s- 

February 

2;  005 

137 

680 

37.765 

a.  06 

3  \H 

Ilairh 

440 

135 

221 

13.569 

1-00 

l.l' 

April 

130 
272 

05 
S3 

110 
121 

6.545 
7,440 

.50 
.55 

.  jr" 

iay 

.•« 

June 

93 

41 

83 

3.749 

.28 

-5. 

JiUy 

41 

24 

30      , 

1.845 

.14 

1- 

August 

27 

15 

20 

1,230 

.09 

.11 

September. 

20 

15 

17 

1,012 

.06 

i'j 

()ctol>er 

122 

15 

24 

1,476 

.11 

.1. 

November.. 

50 

29 

32 

1.904 

.14 

.1-' 

December.. 

Mir 

1902. 

30 

26 

27 

1.660 

.12 

.14 

The  ye 

2,605 

15 

126 

88,606 

.57 

7.4. 

January.... 

51 

24 

28 

1.722 

.13 

.1: 

February.. 

120 

38 

37 

2.055 

.17 

.1: 

llareh 

378 

63 

99 

6,087 

.45 

.X 

April 

iay 

99 

48 

66 

3,927 

-30 

.■« 

4R 

30 

39 

2.398 

-17 

.'f'' 

June 

29.5 

13.5 

20 

1.190 

.09 

.1" 

Julv 

17 

7.5 

11 

676 

.05 

.«<■ 

August 

8.5 

t> 

t 

430 

.03 

.«V 

8epteml»r. 

6 

4.5 

5 

298 

.OB 

«•-' 

Octoht^r.... 

10.5 

5.5 

7 

430 

-09 

.<•- 

November. 

80 

7.5 

19 

1.131 

.n» 

.]•' 

DeccmbiT-. 

m 

l» 

32 

1,968 

.14 

.!• 

The  year 

378 

4.5 

31 

22,312 

.14 

1>- 

I90:i. 

January 

2.999 

22 

148 

9.100 

Au 

77 

Februar>' . . 

203 

61 

102 

6,t«5 

.4ft 

t» 

Ilairh 

1.417 

67 

257 

15.802 

1.16 

I    ^ 

April 

5.892 

267 

792 

47,127 

3.57 

l^^ 

May 

355 

125 

217 

13.343 

.96 

1  n 

June 

125 

02 

95 

5.653 

.43 

.^ 

Julv 

56 
35 

35 

24 

43 
29 

2,644 
1,783 

.19 
.13 

*' 

August 

Septeml)er                

34 

21 

25 

1.488 

.11 

.1. 

()ctoht»r 

32 
26 
26 

20 
22 
22 

24 

24      1 
24 

1,476 
1.428 
1,476 

.11 
.11 

.11 

1- 

November 

.1. 

December 

•ar 

1904. 

Theyc 

5.892 

20 

148 

106,985 

.67 

S.'j 

January.... 

28.2 

23 

24.4  1 

1.500 

.11 

5J 

February . . 

438 

23 

47.7  1 

2.744 

.21 

.iJj 

March 

1,130 

35 

110-8 

6.813 

.50 

.> 

April 

May 

120 

57 

89.7 

5,337 

.40 

45 

104 

37 

66.5  ' 

4.069 

.30 

.S5 

June 

38 

17.5 

25.5 

1.517 

.11 

.IJ 

July 

18 

11 

14.0  , 

861 

-06 

.1" 

August 

29 

9.5 

12.9 

783 

.06 

I 

Septemljer. 

13.5 

7.5 

las 

643 

.05 

». 

Octol)er.... 

15.5 

9.0 

12.0 

738 

.05 

I«» 

November. 

14.5 

11.0 

12.8 

762 

.06 

.e: 

December.. 

»ar 

48 

14.7 

16.9 

1,039 

.08 

A^ 

The  yt 

1,130 

7.5 

37 

26,836 

.17 

'*  X 

1905L 

January... 

108 

18.5 

36.6 

2.251 

.16 

\K 

February.. 

3,010 

34 

466 

25,880 

2.10 

1    li* 

March 

11,130 

142 

1.222 

75,140 

5.50 

^5* 

April 

474 

206 

329 

19.580 

1.48 

*.  '<■ 

May 

540 

193 

278 

17,090 

1.25 

I  44 

June 

182 

63 

139 

8.271 

.» 

Tu 

July 

109 

56 

83 

5,108 

.37 

.4 

August 

65 

33 

«.8 

2,631 

.19 

ZL 

Septemlwr. 

35 

28 

31.4 

1,869 

.14 

'•1 

Octolier 

32 

27 

28.8 

1.771 

.13 

Noveml)er. 

97 

29 

44.7 

2,660 

.20 

2. 

December.. 

» 

37 

40.1 

2,466 

.18 

'•■ 

Theyc 

jar 

11,130 

18.5 

2,284 

164,700 

1. 03 
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^Istimated  monthly  discharge  of  San  Gabriel  River  and  canals  at  Azu^a,  Los  Angeles 
County,  1596-7906— Continued. 

[Drainage  ntea,  222  square  miles.] 


January 

February . . 

March 

April 

May :.. 

J  une 

July 

August 

S«»pU*ml)er. 

Ootoljer 

November., 
I)<«ember.. 


Discharge. 

Run-off. 



—        

Total  dls-l 



-- 

Maximum. 

Minimum. 
Sec-feet. 

Mean. 

charge,    i 

Per  square 
mile. 

Depth. 

Sec. -feet. 

Sec.-feei. 

Acre-feet. 

Sec-feet. 

Inches 

441 

36 

68.1 

4,190 

.307 

.35 

92 

47 

68.1 

3,780 

.307 

.32 

9,430 

56 

2.160 

133,000 

9.73 

11.22 

1,110 

321 

578 

34,400 

2.60 

2.90 

1,110 

251 

342 

21.000 

1.54 

1.78 

364 

204 

262 

15,600 

1.18 

1.32 

295 

97 

155 

9,530 

.696 

.80 

93 

57 

72.8 

4,480 

.328 

.38 

55 

42 

47.7 

2,840  1 

.215 

.24 

42 

38 

39.8 

2.450 

.179 

.21 

47 

37 

40.4 

2,400 ; 

.182 

.20 

1,600 

45 

188 

11,600 

.847 

.98 

The  j-ear. 


9.430 


335 


245,000  ' 


20.70 


AZUSA    IRRIGATING   COMPANY. 

The  Azusa  Irrigating  Company  was  organized  and  incorporated 
August  23,  1886,  by  a  part  of  the  Azusa  '*old  settlement"  irriga- 
tors. The  company  was  capitalized  at  $60,000,  divided  into  4,000 
shares  with  a  par  value  of  $15  each,  but  the  capital  has  since  been 
increased  to  $180,000.  Of  the  12,000  shares,  10,865  have  been  issued 
and  are  distributed  among  199  shareholders.  They  are  reported 
to  have  a  market  value  of  about  $35  each.  The  basis  of  the  distribu- 
tion is  three  shares  to  the  acre.  Delinquent  stock  reverts  to  the 
company  and  may  be  reissued,  but  only  to  lands  within  the  Azusa 
water  district  established  by  the  compromise  of  1889.  This  district 
includes  5,508  acres,  of  which  4,043  are  covered  by  the  Azusa  Irri- 
gating Company  and  1,465  acres  are  imder  contract  by  the  Covina 
Irrigating  Compay. 

Water  is  prorated  to  stock  and  is  distributed  in  100-inch  heads, 
which  during  times  of  abundant  supply  are  given  twelve-hour  runs 
to  each  10-acre  tract  in  turn.  When  the  supply  becomes  short, 
the  time  in  each  run  is  reduced. 

The  company  owns  the  Azusa  ditch,  the  oldest  of  the  east-side 
canals,  and  other  canals  and  pipe  lines  aggregating  about  40  miles. 
The  main  canal  is  about  3  miles  in  length  from  the  Azusa  ice  house, 
where  the  Covina  and  Azusa  waters  are  divided,  and  this  main  line 
is  extended  IJ  miles  beyond  the  terminus  of  the  canal  by  a  30-inch 
vitrified  pipe.  The  main  distributing  lines  consist  of  10-,  12-,  and  14- 
inch  cement  pipe,  according  to  grade,  and  are  designed  to  carry  120 
miner's  inches.  A  reservoir  with  a  capacity  of  6,500,000  gallons 
and  capable,  therefore,  of  impounding  a  continuous  flow  of  800 
miner's  inches  for  fifteen  hours,  forms  a  part  of  the  system.  It  was 
built  in  1893  at  a  cost  of  $13,000. 
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In  addition  to  the  rights  of  the  San  Gabriel  waters  and   the  diir- 
tributing  system  mentioned  above,  the  company  owns  40   acres  <if 
land  in  San  Dimas  Wash.     Wells  were  sunk  on  this  properfr,  a 
pumping  plant  was  installed,  and  a  pipe  line  4^  miles  in  len^h  wa.^ 
laid  due  west  to  the  main  ditch,  but  the  plant  was  sold  later.     Never- 
theless,  much  pumped  water  is  used  in  the  district  during  seasons 
when  the  supply  of  gravity  water  is  low.    The  Glendora  and  Azusa 
Water  Company  supplies  the  upper  part  of  the  district,    and  the 
lower  part  receives  water  from  the  Irwindale  wells,  operated  by  the 
Irwindale  Land  and  Water  Company,  the  Orange  Avenue  Wat<»r 
Company,  and  the  Cypress  Avenue  Water  Company.     The  majority 
of  the  stockholders  in  these  subsidiary  companies  are  also  stiM'k- 
holders  in  the  Azusa  Irrigating  Company. 

Water  rates  are  collected  on  the  basis  of  a  sliding  scale,  charges 
varying  from  $1.20  in  February  to  S5.40  in  July,  August,  and  Sep- 
tember for  a  twelve-hoiu"  run  of  a  100-inch  head.  The  winter  and 
spring  charges,  when  water  is  abundant,  are  intended  to  be  only 
nominal  and  merely  to  cover  the  zanjero's  fees. 

CO  VINA    IRRIGATING   COMPANY. 

The  Azusa  Water  Development  and  Irrigating  Company,  whose 
name  was  changed  later  to  the  Covina  Irrigating  Company,  was 
incorporated  May  20,  1882,  capitalized  at  $5,000,  and  6,667  shares 
of  stock  were  issued  at  a  par  value  of  75  cents  per  share.  As  its 
works  were  extended  the  capital  stock  of  the  company  was  increased 
at  various  times,  and  finally,  in  October,  1886,  it  was  organized  on 
its  present  basis  of  10,000  shares  at  $50  per  share. 

The  original  company  was  organized  to  develop  the  luiderflow  of 
San  Gabriel  Canyon  and  furnish  a  water  supply  for  summer  irriga- 
tion when  the  surface  flow  is  low.     In  fulfillment  of  this  purpose 
the  tunnel,  which  cuts  through  two  rock  points  in  a  crooked  part 
of  the  canyon,  about  a  mile  above  its  mouth,  was  undertaken  in  18S2 
and  completed  in  1889.     This  work,  about  2,200  feet  in  length,  in 
connection  with  a  bed-rock  dam  below  its  upper  section,  delivers 
about  137  miner's  inches,  which  amount,  it  was  claimed  by  the  pro- 
moters of  the  enterprise,  had  been  developed  by  their  work.     This 
position  was  contested  by  other  companies  holding  rights  to  San 
Gabriel  waters,  and  the  matter  was  not  settled  until  in  the  compro- 
mise of  1889  one- tenth  of  the  combined  natural  and  developed  flow 
of  the  canyon,  so  long  as  this  was  1,700  inches  or  less,  was  awarded 
to  the  Covina  Company. 

On  August  1,  1898,  the  salvage,  which  had  been  construed  as 
belonging  to  the  San  Gabriel  Power  Company,  whose  canal  above 
the  power  house  had  effected  the  saving,  amounting  to  one-tenth  of 
the  total  flow  at  the  point  of  diversion  7  miles  above  the  power 


Digitized  by  LjOOQ IC 


IRBIGATION  ENTEBPRISES. 


108 


house,  after  200  inches  had  been  deducted,  was  purchased  by  the 
Covina  Company  for  $66,600.  In  addition  to  water  from  these  two 
sources  the  company  receives  the  share  of  certain  old  users,  whose 
interests  aggregate  about  one-tenth  of  the  flow  of  the  canyon,  and 
delivers  this  water  to  its  owners  at  the  rate  of  about  1  inch  to  8  acres. 
About  1,465  acres  are  irrigated  under  this  contract.  When  the  total 
flow  of  the  San  Gabriel  is  2,000  inches,  the  Covina  Irrigating  Com- 
pany receives  a  total  of  593.72  inches,  consisting  of  company  water, 
210.7  inches;  San  Gabriel  power  water,  180  inches;  and  "old  users" 
or  contract  water,  203.02  inches. 

Like  many  other  irrigating  enterprises  previously  dependent  on 
mountain  water  for  a  supply,  the  Covina  Irrigating  Company  found 
during  the  dry  years  of  the  late  nineties  that  its  gravity  water  was 
insufiicient  for  its  needs  and  it  was  forced  to  resort  to  pumping.  With 
this  contingency  in  view,  104  acres  of  land  one-half  mile  south  of 
Liordsburg  had  been  purchased  for  $20,000  on  November  25,  1896. 
During  1898  and  1899  ten  wells  were  bored  on  this  property,  a 
lOO-horsepower  steam  engine  and  compressor  were  installed  (Nos. 
200-201)  at  a  cost  of  $14,000,  and  a  12-  and  16-inch  pipe  line  was 
laid  westward  6  miles  from  the  pumping  plant  to  the  main  canal. 

March  21,  1899,  40  acres  of  water-bearing  land  were  bought  in  San 
Dimas  Wash  for  $10,000.  A  well  (No.  242,  Pomona  quadrangle) 
was  sunk  shortly  afterward  on  this  property,  equipped  with  a  steam 
and  air  plant  at  a  total  cost  of  $5,000,  and  a  16-inch  pipe  line  was  laid 
to  connect  this  plant  with  the  system.  Later  in  1899  several  hun- 
dred acres  additional  were  purchased  in  San  Dimas  Wash  at  an  out- 
lay of  about  $15,000.  In  1900  a  plant  (No.  230,  Pomona  quadrangle) 
was  installed  on  this  property,  and  connections  with  the  system  were 
effected.  A  further  extension  of  the  pumping  system  was  made  in 
1904  by  the  addition  of  a  small  gasoline  engine  as  an  auxiliary  to 
the  Lordsburg  plant. 

The  volume  of  this  pumped  water  varies  with  the  seasons,  since 
it  is  used  only  to  augment  the  canyon  flow.  During  the  summer  of 
1904,  following  an  unfavorable  winter,  San  Gabriel  River  was  very 
low,  and  the  pumping  plants  were  in  operation  for  a  longer  period 
than  during  any  previous  season.  The  following  statement  sum- 
marizes these  operations: 


Operations  of  Covina  Irrigating  Company^ s  pumping  plants,  1904. 
No.  of  plant. 


200-201 

200-201,  gasoline  adjanct. 

230 

342 


Time  Average 

operated.        yield. 


Days.     I     Inches. 


224 

12 

139 

115 


Cost  per 
hour-mch. 


Cents. 

1.4 

2.13 
2.66 
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During  this  season  the  volume  of  pumped  and  canyon  mrater 
delivered  by  the  Covina  Irrigating  Company  was  as  follows:  Com- 
pany water,  66,483  hour  heads  (25  miner's  inches),  equivalent  to 
189.75  inches  continuous  flow;  contract  water,  24,375  hour  heads, 
equivalent  to  69.6  inches  continuous  flow;  alien  water,  4,432  hour 
heads,  equivalent  to  12.6  inches  continuous  flow. 

The  company  owns  5i  miles  of  the  original  Azusa  Water  Develop- 
ment and  Irrigating  Company's  canal,  built  in  1885  at  a  cost  of 
$40,000.  This  canal  is  cement  lined,  averages  4  feet  in  depth,  and  is 
from  4  to  8  feet  wide.  It  ends  in  a  15,000,000-gallon  cement'-Iinetl 
reservoir,  located  about  1  mile  northeast  of  Covina.  This  reservoir 
was  built  in  1887  at  a  cost  of  $13,000.  In  addition  to  the  canal  ami 
reservoir,  which  form  the  main  artery  and  regulator  of  the  system, 
there  are  neariy  1,200  feet  of  16-inch,  over  60,000  feet  of  12-inch, 
44,200  feet  of  10-inch,  and  1,500  feet  of  8-inch  cement  mains  and 
distributing  pipe. 

The  stock  of  the  Covina  Irrigating  Company  is  practically  all  held 
by  landowners,  although  it  is  not  appurtenant  to  the  land  and  there 
is  no  provision  in  the  charter  prohibiting  outside  ownership.  Nor 
is  there  any  restriction  as  to  the  number  of  shares  that  may  be 
acquired  per  acre,  the  irrigator  being  free  to  purchase  as  much  stock 
as  he  thinks  he  needs.  It  is  said  that  this  condition  occasionally 
results  in  abuse,  and  that  a  certain  amount  of  trickery  sometimes 
appears  in  the  practical  operation  of  the  system.  For  instance,  a 
part  of  the  water  stock  pertaining  to  a  given  tract  may  be  sold,  leav- 
ing the  property  without  a  sufficient  water  supply.  The  land  with 
the  remaining  stock  may  then  be  sold  to  some  outsider  who  is  not 
familiar  with  local  conditions  and  who  beUeves  that  he  is  buying 
enough  water  to  irrigate  his  acreage. 

All  of  the  company  water,  gravity  and  pumped,  is  apportioned  to 
stock,  independent  of  acreage,  and  is  distributed  in  rotation  by 
schedule.  Usually  in  midsummer  a  25-inch  head  is  given  a  six-hour 
run  to  each  10  acres,  but  a  50-  or  100-inch  head  may  be  used  at  the 
option  of  the  irrigator.  The  regular  charge  for  delivery  is  at  the 
rate  of  $2.50  per  100  inches  for  a  twelve-hour  run,  and  the  annual 
water  charge  therefor  is  from  $1.25  to  $1.50  per  acre.  In  addition  to 
this,  stock  is  assessed  for  whatever  expense  there  may  be  in  operating 
and  maintaining  the  system  in  excess  of  the  water  receipts.  This 
annual  assessment  varies  from  $2  to  $3.50  per  share.  In  1904  water 
collections  amounted  to  $5,126  and  stock  assessments  to  $30,000. 
There  are  243  stockholders  in  the  company,  and  water  is  delivered 
to  about  350  irrigators,  including  the  contractors.  Many  of  the 
latter  are  stockholders  also. 

There  are  about  3,000  acres  under  the  Covina  system,  but  as  an 
indefinite  part  of  this  acreage  is  supplied  with  water  from  outside 
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sources,  it  is  not  possible  to  state  just  the  area  irrigated  by  the  Covina 
Company.  The  Citrus  Belt  Water  Company  supplies  accessory 
water  to  the  upper  part  of  the  district,  between  Glendora  and  Azusa, 
and  the  Columbia  Water  Company  to  the  lower  lands  in  the  neigh- 
borhood of  Covina.  Most  of  the  stockholders  in  these  companies 
hold  stock  in  the  Covina  Irrigating  Company  also. 

AZUSA  AGRICULTURAL   WATER   COMPANY. 

In  1887  J.  S.  Slauson,  J.  D.  Bicknell,  and  others,  owners  of  4,500 
of  the  5,000  acres  in  the  Azusa  ranch,  combined  these  lands  and  the 
Avaters  belonging  thereto,  forming- an  organization  under  the  name  of 
the  Azusa  Land  and  Water  Company.  The  next  year  the  Azusa 
Agricultural  Water  Company  was  organized  with  6,000  shares,  of  a 
par  value  of  $100  each,  and  the  water  rights  of  the  Azusa  Land  and 
Water  Company  were  transferred  to  it.  Two  shares  of  stock  in  the 
water  company  were  conveyed  with  each  acre  of  land  sold  by  the 
Land  and  Water  Company. 

The  rights  of  these  companies,  which  depended  on  those  of  Mr. 
Dalton,  former  owner  of  the  Azusa  ranch,  were  not  definitely  settled 
until  by  the  compromise  of  1889  they  were  awarded  ^Vf  ^f  ^^e  total 
San  Gabriel  flow  up  to  1,700  inches,  and  ^W  of  the  excess  over  this 
amount.  This  apportionment,  like  that  of  all  the  other  claimants  to 
San  Gabriel  waters,  has  since  been  altered  by  the  award  of  one-tenth 
of  these  waters  to  the  San  Gabriel  Power  Company  as  salvage. 

The  San  Gabriel  Canyon  waters  of  the  Azusa  Agricultural  Water 
Company  reach  the  Azusa  district  through  the  Azusa  canal,  which 
carries  the  water  of  the  Azusa  Irrigating  Company  also.  The  division 
is  effected  at  a  point  about  one-quarter  of  a  mile  southeast  of  the 
Azusa  ice  house,  where  the  water  of  the  Azusa  Agricultural  Water 
Company  enters  its  own  system.  This  system,  by  means  of  which 
900  acres,  chiefly  in  oranges  and  lemons,  are  irrigated,  includes  about 
4  miles  of  open  cement  flume  12  by  14  inches,  and  4  miles  of  8-,  10-, 
and  14-inch  cement  pipe.  A  reservoir  with  a  capacity  of  1,000,000 
gallons  has  been  built  at  a  cost  of  $2,000. 

The  canyon  water  of  this  system  has  been  supplemented  by 
pumped  water,  a  well  (No.  255,  Pomona  quadrangle)  just  within  the 
mouth  of  San  Gabriel  Canyon  having  been  sunk  in  1901  and  equipped 
with  a  30-horsepower  electric  motor  at  a  total  cost  of  $5,000.  The 
water  is  pumped  into  the  main  canal  and  is  taken  out  with  the  rest  of 
the  Azusa  Agricultural  Water  Company's  water,  one-quarter  of  a 
mile  southeast  of  the  Azusa  ice  house.  About  50  miner's  inches  are 
reported  to  be  developed  by  this  well.  During  the  spring  of  1905 
another  well  was  sunk  in  the  wash,  about  one-half  mile  below  the 
mouth  of  the  canyon,  and  8,440  feet  of  16-  and  20-inch  cement  pipe 
were  laid  to  connect  with  the  Azusa  irrigating  ditch  above  Azusa. 


Digitized  by  LjOOQ IC 


106  FOOTHILL  BELT  OF  SOUTHERN  CALIFORNIA. 

The  water  supply  of  this  company  is  prorated  to  stock  and  dis- 
tributed at  intervals  of  four  to  six  weeks.  The  domestic  supply  for 
the  city  of  Azusa  is  taken  from  the  Azusa  Agricultural  Water  Com- 
pany's share  of  the  San  Gabriel  water,  and  in  addition  39  families 
outside  the  town  are  supplied  with  domestic  water. 

CITRUS  BELT  WATER  COMPANY. 

The  Citrus  Belt  Water  Company  was  organized  in  1900  by  a 
number  of  irrigators  in  the  district  south  and  southwest  of  Glendora. 
They  were  owners  of  stock  in  the  Covina  Irrigating  Company,  who 
desired  to  supplement  their  portion  of  canyon  water  with  pumped 
water.  The  capital  stock  of  the  new  company  was  fixed  at  $35,0(M), 
divided  into  500  shares  with  a  par  value  of  $70.  Two  hundred  and 
thirty-five  shares  have  been  issued. 

In  the  fall  of  1900  the  company  purchased  42  i  acres  in  San  Dinias 
Wash,  5  or  6  miles  from  the  lands  of  the  stockholders,  sunk  a  well, 
and  installed  a  pumping  plant.  This  plant  consists  of  a  105-horse- 
power  steam  engine  and  centrifugal  pump,  and  its  capacity  is  given 
as  75  miner's  inches.  The  cost  of  installation  was  $4,000.  About  8 
miles  of  10-  and  12-inch  cement  pipe,  cx)sting  $9,000,  and  a  reservoir 
costing  $1,050  constitute  the  main  distributing  system.  The  water 
is  delivered  to  each  irrigator  in  turn  in  25-  or  50-inch  heads,  at  inter- 
vals of  two  weeks.  It  costs  the  stockholders,  of  whom  there  are  43. 
about  2  J  centfl  per  hour-inch.  The  investments  of  the  company  is 
summarized  by  its  officers  as  follows: 

Properly  of  Citntu  Belt  Water  Company. 

Land,  43J  acres |10. 01) 

Cement  pipe,  3  miles  12-inch,  5  miles  10-inch 9. 000 

Pumping  plant,  105  horsepower 4. 000 

Reservoir \.Q^ 

24,avi 

COLUMBIA  LAND  AND  WATER  COMPANY. 

The  Columbia  Land  and  Water  Company,  like  the  Citrus  Belt 
Company,  was  organized  by  stockholders  of  the  Covina  Irrigating 
Company  to  supply  pumped  water  to  their  lands  at  times  when  the 
canyon  flow  is  low.  The  company  was  organized  in  April,  1899,  and 
capitalized  at  $60,000,  divided  into  600  shares.  Twenty  acres  of  land 
were  acquired  in  San  Dimas  Wash,  with  two  wells  and  pumping 
plants  (No.  241,  Pomona  quadrangle)  and  several  miles  of  pipe  line. 
Each  pumping  plant  is  equipped  with  a  30-horsepower  gas  engine 
and  centrifugal  pump.  The  initial  combined  capacity  of  the  two  is 
given  as  50  inches,  which  falls  to  30  inches  as  the  water  level  declines 
with  continuous  pumping.  The  pumps  are  operated  twelve  hours 
per  day  and  about  five  months  of  each  year,  from  June  until  the 


Digitized  by  LjOOQ IC 


IBRIGATION   ENTERPRISES.  107 

beginning  of  the  rains.  A  full  head  is  used  in  irrigating  and  is 
charged  for  at  the  rate  of  $1  per  hour,  which,  inasmuch  as  the  amount 
of  water  in  a  head  varies,  equals  2  to  3  cents  per  hour-inch.  The 
distributing  system  includes  a  reservoir  built  in  1904,  and  about  6 
miles  of  8-  to  12-inch  main,  extending  from  the  wells  to  the  reservoir, 
1  mile  northeast  of  Covina. 
The  company's  investment  is  as  follows: 

Property  of  Columbia  Land  and  Water  Company. 

Wells  and  pumping  plants $3, 700 

Pipe  lines,  5  miles 5, 000 

Reservoir : 2, 500 

Real  estate 1, 000 

12,200 

WESTERN  WATER  AND  POWER  COMPANY. 

The  predecessor  of  the  Western  Water  and  Power  Company,  the 
Olendora  Water  Company,  was  organized  in  1887,  with  a  capital 
stock  of  $62,500,  divided  into  1,250  shares,  the  par  value  being  $50 
each.  Lands  were  acquired  at  once  in  Big  Dalton  Canyon,  which 
gave  to  the  company  the  control  of  all  of  this  canyon  and  its  water 
rights  except  120  acres  wath  the  water  pertaining  thereto.  This 
amount  belonged  to  the  Mountain  Base  Water  Company  until  1888, 
when  it  was  purchased  by  the  Glendora  Water  Company  for  $5,000, 
thus  placing  in  the  latter  company  complete  control  of  Big  Dalton 
.  Canyon  and  all  its  water  rights.  From  1887  to  1898,  inclusive,  the 
capital  stock  of  the  company  was  paid  up  in  full  and  the  money 
expended  in  improvements  and  betterments,  approximately  as 
follows: 

Expenditures  of  Glendora  Water  Company. 

Lands  and  riparian  rights $10, 000 

Reservoirs,  3;  combined  capacity,  2,500,000  gallons 8, 000 

Puddle  dam  in  Big  Dalton  Canyon 8, 000 

Tunnel  (1,200  feet)  in  Big  Dalton  Canyon  for  developing  water 14, 000 

Supply  pipe  (8-,  10-,  and  12-inch)  for  conducting  waters  from  Big  Dalton  Can- 
yon to  Glendora  and  vicinity 10, 000 

Distributing  pipe  (12  miles,  1  J-  to  4-inch)  for  distributing  water  in  Glendora  . .  13, 000 

63,000 

During  the  trying  years  from  1897  to  1900  the  Glendora  Company, 
like  the  majority  of  southern  California  water  companies,  found  its 
gravity  supply  insufficient  to  maintain  the  acreage  already  under 
irrigation,  and  it  became  necessary  to  resort  to  pumping.  In  1901 
160  acres  were  purchased  in  San  Dimas  Wash,  in  which  several 
successful  wells  had  already  been  located;  two  12-inch  wells  (Xos.  232 
and  233,  Pomona  quadrangle),  each  about  500  feet  deep,  were  bored, 
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and  a  250-horsepower  pumping  plant  was  installed  and  connected 
with  a  No.  6  centrifugal  pump  in  each  well.  A  14-inch  pipe  line  was 
then  laid  from  the  wells  to  coimect  with  the  Dalton  Canyon  line,  5 
miles  away.  The  wells  produce  about  126  miner's  inches.  These 
additions  to  the  system  were  effected  by  means  of  a  loan  of  $41,500 
negotiated  in  1901,  the  company's  property  serving  as  security.  The 
details  of  the  expenditures  are  about  as  follows:  Land,  $20,000: 
wells,  $5,000;  pumping  plant,  $10,000;  supply  pipe,  $7,000.  From 
1901  to  1904  about  $20,000  additional  was  expended  on  the  pumping 
plant  and  branch  pipe  lines,  and  a  considerable  reduction  was  made 
in  the  company's  indebtedness.  As  the  expenditures  and  the  value 
of  the  property  owned  exceeded  the  capital  stock  of  the  Glendora 
Water  Company  by  a  large  amount,  a  reorganization  seemed  desirable. 
This  was  effected  in  April,  1904,  by  a  sale  of  the  company's  property 
to  the  Western  Water  and  Power  Company,  of  Chicago,  111.  The 
capital  stock  of  the  newer  organization  is  fixed  at  $100,000,  divided 
into  1,000  shares  whose  par  value  is  $100  each. 

Since  this  sale  the  Western  Water  and  Power  Company  has  bought 
out  the  Alosta  Water  and  Development  Company,  consistjing  of 
lands  that  control  the  water  rights  of  Little  Dalton  Canyon  and  a 
system  of  pipe  lines  from  this  canyon  to  Alosta,  just  south  of  Glen- 
dora. Thud  the  present  organization  owns  all  the  gravity  water 
from  Big  and  Little  Dalton  canyons  and  the  pumping  plant  in  San 
Dimas  Wask.  The  gravity  water  is  used  when  it  is  available ;  during 
favorable  years  it  is  sufficient  to  supply  the  system  until  after  June  1 , 
and  yields  a  portion  of  the  water  required  until  a  later  date.  The 
pumps  are  operated  during  the  summer  and  fall. 

Water  rights  have  been  sold  to  purchasers  at  2J  and  4  cents  per 
hour-inch.  The  rights  have  no  relation  to  the  lands,  except  that 
many  of  the  large  stockholders  in  the  company  are  also  large  land- 
owners under  the  Glendora  system,  so  that  their  interests  are  identical. 

GLENDORA-AZUSA  WATER  COMPANY. 

The  Glendora- Azusa  Water  Company  was  incorporated  August  29, 
1898,  and  capitalized  at  $48,450,  divided  into  484J  shares  with  a  par 
value  of  $100  each.  In  1898  170  acres  of  land  were  purchased  in 
San  Dimas  Wash,  at  a  cost  of  about  $6,000.  In  1900  a  pumping 
plant  was  installed,  and  in  1902  a  second  well  was  sunk  and  equipped 
with  pumping  machinery.  Centrifugal  pumps  are  used  in  both  wells 
(No.  231,  Pomona  quadrangle),  a  75-horsepower  motor  running  one 
and  a  100-horsepower  motor  the  other.  The  water  is  conducted  from 
the  wells  through  10  or  11  miles  of  concrete  pipe  line  to  the  lands 
served,  lying  west  of  Glendora,  and  distributed  there.  The  system 
also  includes  one  small  reservoir  with  a  capacity  of  about  200,000 
gallons. 
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This  is  one  of  the  systems  developed  partly  to  supplement  the  flow 
from  San  Gabriel  Canyon,  a  part  of  the  lands  served  lying  below  the 
Azusa  and  Covina  canals  and  receiving  gravity  water  from  them. 
The  pumping  season  of  the  Glendora-Azusa  Company,  therefore, 
varies  with  the  supply  of  gravity  water,  being  shortest  during  seasons 
of  greatest  rainfall.  From  500  to  1,000  acres  are  wholly  or  partially 
supplied  with  water,  which  is  distributed  at  a  cost  of  2i  cents  per  hour- 
inch.  The  average  output  during  the  season  of  1905  is  given  at  some- 
thing less  than  100  inches. 

IRWINDALE   WATER   COMPANIES. 

In  the  lower  part  of  the  Azusa  water  district,  near  Irwindale,  three 
companies  have  been  organized  and  pumping  plants  have  been  in- 
stalled to  develop  underground  water  to  serve  as  a  supplement  to  the 
San  Gabriel  Canyon  water.  These  are  the  Orange  Avenue  Land  and 
Water  Company,  the  Irwindale  Land  and  Water  Company,  and  the 
Cypress  Avenue  Land  and  Water  Company. 

ORANGE  AVENUE  LAND  AND  WATER  COMPANY. 

The  Orange  Avenue  Company  was  organized  in  September,  1902, 
with  a  capital  of  $4,500,  divided  into  300  shares,  distributed  among  18 
stockholders,  all  landowners.  The  plant  consists  of  a  well  (No.  82, 
Pomona  quadrangle)  equipped  with  a  75-horsepower  steam  pumping 
plant.  There  is  no  pipe  line,  water  being  distributed  to  the  stock- 
holders directly  or  through  the  system  of  the  Azusa  Irrigating  Com- 
pany. The  water  costs  the  stockholders  1.55  cents  per  hour-inch,  and 
is  sold  to  outsiders  for  3  cents  per  hour-inch.  Distribution  is  effected 
in  25-,  50-,  or  100-inch  heads,  as  desired.  About  380  acres  are  reported 
to  be  under  irrigation. 

IRWINDALE  LAND  AND  WATER  COMPANY. 

The  Irwindale  Land  and  Water  Company  was  incoq)orated  Sep- 
tember 19,  1899,  and  capitalized  at  $5,000,  divided  into  500  shares, 
which  are  distributed  among  21  stockholders.  Soon  after  organiza- 
tion one-tenth  of  an  acre  of  land  was  purchased  close  to  Irwindale,  a 
well  was  sunk  (No.  83,  Pomona  quadrangle),  and  a  pumping  plant  was 
installed  upon  it.  The  plant  consists  of  a  30-horsepower  steam  engine 
and  Worthington  pump,  and  its  capacity  is  given  as  60  inches.  The 
output  is  pumped  into  the  Azusa  Irrigating  Company's  system  and 
distributed  through  it.  Distribution  is  effected  in  full  heads,  each 
share  of  stock  being  entitled  to  one  hour's  run  monthly.  The  charge 
to  stockholders  is  2  cents  per  hour-inch,  and  to  outsiders  3  cents  per 
hour-inch.  The  water  is  used  only  to  supplement  the  cheaper  canyon 
water. 
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CYPRESS   AVENUE   WATER   COMPANY. 

The  Cypress  Avenue  Water  Company  was  organized  in  1900  with  a 
capital  stock  of  $10,000,  divided  into  400  shares  having  a  par  value  of 
$25  each;  202  shares  have  been  subscribed  for.  The  company  oper- 
ates a  plant  (No.  92,  Pomona  qadrangle)  equipped  with  a  125-horse- 
power  steam  engine  and  centrifugal  pump,  reported  to  produce  113 
inches  of  water.  An  independent  steel  pipe  line,  1,300  feet  in  length, 
is  also  owned  by  the  company.  About  one-half  of  the  water  is  pumped 
into  the  Azusa  Irrigating  Company's  system  and  the  other  half  is  dis- 
tributed directly  to  stockholders.  The  water  costs  stockholders  1 
cent  per  hour-inch;  a  charge  of  3  cents  per  hour-inch  is  made  to  out- 
siders. All  the  members  are  stockholders  in  the  Azusa  Irrigating 
Company. 

VINELAND   IRRIGATION    DISTRICT. 

The  Vineland  irrigation  district  was  organized  in  1891,  to  include 
4,000  acres  in  the  vicinity  of  Vineland,  just  east  of  San  Gabriel  Wash. 
It  claimed  certain  rights  to  San  Gabriel  Canyon  waters,  and  these 
rights  were  sold  with  the  land  in  the  district.  In  the  disputes  which 
followed,  however,  the  rights  claimed  by  the  district  were  given  up  in 
return  for  the  installation  of  a  pumping  plant  by  the  San  Gabriel 
Power  Company  on  a  well  which  had  been  sunk  by  the  Vineland  irri- 
gators on  their  tract.  Such  irrigation  as  is  carried  on  in  the  district 
now  depends  on  developed  water  from  this  plant,  and  inasmuch  as  the 
soil  is  sandy  and  porous  and  requires  a  lai^e  amount  of  water,  and 
pumped  water  costs  from  2  to  2i  cents  per  hour-inch,  it  has  not  been 
found  practicable  to  irrigate  vineyards  or  deciduous  fruits.  About 
120  acres  of  citrus  fruits,  walnuts,  and  vegetables  are  irrigated,  and 
perhaps  80  acres  more  are  under  cultivation. 

An  open  stone  ditch  about  12  by  18  inches  in  size  extends  from  the 
mouth  of  San  Gabriel  Canyon  to  a  point  1  mile  north  of  this  district. 
This  ditch  catches  some  water  from  the  Azusa  ice-house  waste  ditch  in 
winter,  and  this  water  is  sometimes  used  by  the  Vineland  irrigators. 

DUARTE   WATER   COMPANIES. 
RIGHTS. 

The  Duarte  district  is  supplied  with  water  by  the  Duarte  Mutual 
Irrigation  and  Canal  Company  and  the  Beardslee  Water  Ditch  Com- 
pany. The  upper  part  of  the  tract,  consisting  of  about  1,000  acres, 
principally  in  citrus  orchards,  receives  water  from  the  former  com- 
pany. This  area  lies  close  to  the  base  of  the  San  Gabriel  Mountains, 
on  the  sloping  bench  lands  northwest  of  San  Gabriel  Wash.  It 
extends  from  northeast  to  southwest  a  distance  of  3  miles,  and  ranges 
in  width  from  three-eighths  of  a  mile  at  the  eastern  extremity  to  IJ 
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miiles  on  the  west.  The  Beardslee  Water  Ditch  Company  serves  about 
-400  acres  of  alluvial  lands  lying  above  San  Gabriel  Wash  and  adjoining 
-the  Duarte  district  on  the  west  and  south. 

It  is  claimed  that  the  rights  of  the  Duarte  irrigators  to  San  Gabriel 
Tliver  water  date  back  to  1854,  when  Andr6s  Duarte,  the  owner  of  the 
irancho,  constructed  a  ditch  and  diverted  a  part  of  the  San  Gabriel  flow 
"to  the  west  side.  In  1859  or  1860,  N.  Beardslee  acquired  a  part  of  the 
Duarte  ranch  by  purchase,  with  the  right  to  take  water  from  the  river 
for  irrigation,  and  in  the  later  year  constructed  a  branch  ditch  to  the 
lower  Duarte  neighborhood. 

In  1872  Alexander  Weil  succeeded  to  the  ownership  of  the  Duarte 
interests,  subdivided  a  part  of  the  ranch,  and  sold  off  numerous  small 
parcels  along  the  upper  part  of  the  ranch,  close  to  the  base  of  the 
mountains,  with  rights  to  the  Duarte  ditch  waters.     In  1875  Mr. 
^Beardslee  sold  several  small  tracts  with  rights  to  his  share  of  river 
Avater,  and  in  1881  the  purchasers  of  his  lands  and  water  rights  organ- 
ized and  incorporated  the  Beardslee  Water  Ditch  Company.     In  Feb- 
ruary, 1882,  the  property  owners  who  had  succeeded  to  the  water 
rights  of  the  Duarte  ditch  incorporated  the  Duarte  Mutual  Irrigation 
and  Canal  Company.     For  several  yeai*s  the  flow  through  the  joint 
<litch  was  divided  equally  between  the  two  companies,  but  when  the 
present  works  were  built  (1882-1887)  and  paid  for  by  arrangement 
between  the  two  companies  in  the  pro[)ortion  of  1,260  parts  by  the 
Duarte  to  225  parts  by  the  Beardslee  company,  the  latter  released  to 
the  former  one-third  of  its  one-half  interest,  so  that  two-thirds  of  the 
water  right  and  works  are  now  owned  by  the  Duarte  Mutual  and  one- 
third  by  the  Beardslee  company.     Originally  the  two  companies 
claimed  one-third  of  the  total  flow  of  San  Gabriel  River.     In  the  com- 
promise agreement  of  1889,  by  which  all  claims  to  the  river  water 
were  adjusted,  the  Duarte  companies  were  given  title  to  three-tenths 
of  the  flow,  surface  and  developed,  when  the  total  is  equal  to  or  less 
than  1,700  inches  and  m  of  all  excess  over  1,700  inches. 

In  1898  the  San  Gabriel  Power  Company  acquired  by  right  of  sal- 
vage one-tenth  of  the  total  canyon  flow,  less  200  miner's  inches,  and 
disposed  of  this  interest  to  the  Covina  Irrigating  Company.  Since 
this  right  v/as  acquired,  the  total  flow  minus  the  above-mentioned 
proportion  of  salvage  water  has  been  divided  as  stipulated  in  the 
compromise  agreement.  As  the  flow  of  the  San  Gabriel  fluctuates 
with  the  seasons  and  the  rainfall,  the  supply  of  gravity  water  avail- 
able for  the  use  of  the  Duarte  and  Beardslee  irrigators  varies  greatly 
in  volume.  During  the  irrigating  seasons  following  dry  winters,  their 
combined  share  of  San  Gabriel  River  water  sometimes  falls  as  low  as 
76  inches.     The  maximum  received  is  about  600  inches. 

The  Duarte  and  Beardslee  irrigators  claim  and  utilize  the  water  of 
Fish  Creek  when  the  flow  from  that  source  is  of  sufficient  volume  to 
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reach  their  system.  This  occurs  only  during  the  rainy  season.  The 
waters  of  Fish  Creek  after  the  winter  storms  are  clearer  than  those  of 
the  San  Gabriel  and  are  preferred  and  taken,  for  at  that  season  the 
use  is  confined  for  the  most  part  to  domestic  service. 

JOINT   WORKS. 

The  Duarte  and  Beardslee  share  of  the  San  Gabriel  water  is  taken 
out  from  the  main  associated  water  companies'  canal  at  the   San 
Gabriel  Power  Company's  station  a  short  distance  below  the  mouth 
of  the  canyon.     The  water  is  conducted  westward  across  the  old  east- 
side  gravel  wash  to  the  main  river  channel  through  a  30-inch  w^ood 
pipe,  1,000  feet  in  length,  and  a  bowlder  and  cement  lined  ditch  1,500 
feet  long.     The  river  crossing  is  effected  by  means  of  a  steel  siphon 
24  inches  in  diameter,  sunk  deep  below  the  bed  of  the  river  and 
cased  heavily  in  cement  and  rock.     From  the  river  channel  westward 
to  the  point  of  division  between  the  two  companies,  the  work  consists 
of  2,700  feet  of  rock-paved  and  cemented  ditch,  1,200  feet  of  brick- 
lined  culvert,  and  1,300  feet  of  26-inch  cement  pipe.     The  entire 
conduit  from  the  point  of  diversion  at  the  San  Gabriel  power  house 
to  the  division  box,  near  the  east  end  of  the  Duarte  tract,  is  about  1} 
miles  in  length  and  cost  $15,000. 

DUARTE    MUTUAL    IRHIGATION    AND   CANAL   COMPANY. 

The  Duarte  Mutual  Irrigation  and  Canal  Company  was  incorpo- 
rated in  February,  1882,  and  capitalized  at  $12,590,  divided  into 
1,259  shares,  the  par  value  being  $10  per  share.  The  capital  stock 
has  not  been  increased,  but  the  market  value  of  each  share  is  now 
about  $100.  The  stock  is  transferable  and  not  appurtenant  to  the 
land,  but  practically  all  of  it  is  held  by  landowners. 

Water  is  delivered  to  stockholders  only,  and  is  divided  on  the 
principle  of  measurement  of  time  in  proportion  to  holdings  of  stock — 
that  is,  if  the  owner  of  20  shares  is  entitled  to  a  run  of  one  head  for 
twenty-four  hours,  the  owner  of  30  shares  is  entitled  to  a  run  of  one 
head  for  thirty-six  hours.  The  regular  irrigating  head  used  is  35 
inches,  but  the  period  of  rotation  varies  with  the  amount  of  water 
available.  When  the  supply  is  low  the  division  is  made  on  half 
time,  and  an  irrigator  who  would  ordinarily  be  entitled  to  a  run  of 
twenty-four  hours  receives  water  for  only  twelve  hours.  There  is  no 
charge  for  the  water  as  such,  but  the  running  expenses  of  the  com- 
pany, which  include  zanjero's  and  secretary's  fees  and  maintenance 
charges,  amount  to  about  $1  per  acre  per  year.  Betterments  and 
interest  on  indebtedness  and  payments  on  principal  are  met  by  sepa- 
rate assessments,  which  have  been  as  high  as  $9  per  acre  annually. 
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In  1900-1901  this  company  bought  an  acre  of  ground  in  the  eastern 
;part  of  the  district,  sunk  a  well  (No.  73,  Pomona  quadrangle),  and 
xnstalled  a  60-horsepower  steam  engine  and  Wigmore  pump,  at  a  cost 
of  $17,000.  The  capacity  of  this  plant  is  stated  to  be  about  60  inches, 
£ind  the  water  delivered  costs  the  irrigators  1§  cents  per  hour-inch. 
In  1904  another  well  was  sunk  above  the  first  plant  and  adjoining  the 
company's  main  pipe  line.  This  well  is  133  feet  in  depth,  and  a  4  by 
6  foot  tuimel  has  been  driven  horizontally  from  the  bottom  of  the  . 
shaft  for  a  distance  of  125  feet  into  the  gravels.  The  well  is  equipped 
-vnth  a  60-horsepower  gas  engine  and  a  No.  6  centrifugal  pump.  The 
cost  of  the  plant  was  $10,000.  These  two  wells  are  used  to  supply 
accessory  water  during  periods  when  the  canyon  flow  is  low. 

The  main  distributing  system  of  the  Duarte  Company,  below  the 
point  of  division  between  it  and  the  Beardslee  Company,  consists  of 
a  3,000,000-gallon  reservoir  which  cost  $5,000,  and  two  main  cement 
conduits,  each  about  2 J  miles  long.  The  upper  conduit  is  22  inches 
in  diameter  and  the  lower  16  inches.  These  lines,  together  with  the 
distributing  laterals,  cost  $15,000.  About  1,000  acres  are  under 
irrigation. 

BEARDSLEE    WATER   DITCH   COMPANY. 

The  Beardslee  Water  Ditch  Company  was  incorporated  in  Septem- 
ber, 1881,  with  a  capital  stock  of  $2,250,  divided  into  225  shares.  In 
1884  this  was  increased  to  $20,000,  divided  into  630  shares.  The 
market  value  is  reported  to  be  about  $100  per  share.  This  com- 
pany, as  has  been  stated,  receives  one-third  of  the  west-side  San 
Gabriel  waters  and  one-third  of  the  flow  of  Fish  Creek,  and  in  addition 
to  maintaining  its  own  canals  and  reservoirs,  assumes  one-third  of  the 
expense  of  maintaining  and  repairing  that  part  of  the  west-side  sys- 
tem, which  it  owns  jointly  with  the  Duarte  Mutual  Irrigation  and 
Canal  Company. 

Below  the  point  of  division  between  the  two  west-side  companies 
the  water  of  the  Beardslee  Company  is  conducted  through  3  miles  of 
12-  and  14-inch  cement  pipe  to  a  reservoir  above  the  company's  lands. 
This  reservoir  has  a  capacity  of  2,000,000  gallons,  and  was  constructed 
in  1898  at  a  cost  of  $7,500.  Below  the  reservoir  the  company  owns 
about  1}  miles  of  distributing  pipe.  Other  laterals  have  been  laid  by 
stockholders  at  their  own  expense,  and  the  company  water, is  distrib- 
uted largely  through  these  private  lines. 

The  available  water  is  divided  into  two  heads,  and  each  share  is 
given  a  run  of  one  head  for  fifteen  minutes  each  week.  The  company 
has  no  zanjero,  but  each  irrigator  has  a  schedule  giving  the  exact 
time  when  he  may  use  the  water,  and  when  the  proper  time  comes  he 
himself  turns  it  on. 
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The  company  has  no  accessory  pumping  plants,  and  its  expenses 
are  light,  so  that  the  annual  cost  of  the  water  to  the  users  is  onhr   j 
about  $1  per  acre.     The  crops  raised  are  diversified,  and  include   1 
citrus  and  deciduous  fruits,  alfalfa,  and  garden  products. 

MONROVIA  WATER  COMPANY. 

The  surface  flow  from  Sawpit  Canyon,  which  dischai^nes  into  tl» 
San  Gabriel  Valley  just  north  of  Monrovia,  was  divided  originallv 
between  the  Bradbury  and  Santa  Anita  ranches.  In  1886  the  Mon- 
rovia Water  Company  was  organized,  and  in  1887  it  acquired  the 
Santa  Anita  rights.  Improvements  were  at  once  instituted  in  the 
canyon  system,  and  on  the  basis  of  these  improvements  the  company 
claimed  and  later  obtained  possession  of  four-fifths  of  all  water  flowing 
there. 

The  original  conduit  was  a  20-inch  cement  line  running  into  the 
canyon  about  half  a  mile  from  the  reservoir  at  its  mouth.  Below  the 
reservoir  the  water  was  distributed  through  2  miles  of  12-inch  cement 
pipe  laid  along  the  Santa  Anita-Azusa  grant  line.  After  its  purchase 
of  the  Santa  Anita  rights  the  Monrovia  Water  Company  expended 
$60,000  in  constructing  pipe  lines  in  Sawpit  and  one  of  its  tributary 
canyons.  About  17,000  feet  of  6-inch,  10-inch,  and  12-inch  iron  and 
steel  pipe  were  laid  in  the  two  canyons  and  connected  with  the 
original  cement  line. 

Finding  that  the  canyon  water  was  not  suflGcient  to  supply  the 
needs  of  the  city,  the  company  bought  5  acres  of  land  in  1898  for 
$1,700  on  the  Chapman  ranch,  3i  miles  to  the  west.  Three  weUs 
were  sunk  on  this  property,  an  80-horsepower  steam  and  air  plant 
was  installed,  a  reservoir  built,  and  a  12-inch  pressure  main  laid  east- 
ward 5  miles  to  connect  with  the  city  system.  The  total  cost  of 
these  improvements  was  about  $40,000. 

Originally  the  city  of  Monrovia  sold  water  rights  with  the  city 
property,  but  water  is  now  disposed  of  independently  of  property 
interests,  though  none  is  distributed  outside  the  city  hmits. 

An  average  of  120  miner^s  inches  is  now  distributed  during  the 
irrigating  season,  about  two-thirds  of  it  being  used  to  irrigate  900 
acres  of  land.  The  remainder  is  utiUzed  as  a  domestic  supply  for 
550  to  600  famiUes.  The  irrigating  water  is  distributed  in  25-inch 
heads,  each  acre  receiving  this  amount  for  not  more  than  four  hours 
during  each  interval  of  four  or  five  weeks.  Two  cents  per  hour-inch 
is  charged  for  this  water. 

SANTA  ANITA  COMPANY. 

The  Santa  Anita  Water  Company  was  incorporated  July  9,  1886, 
with  a  capital  stock  of  $300,000,  divided  into  3,000  shares.  The 
company  was  organized  for  the  purpose  of  supplying  water  to  the 
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Santa  Anita  tract  of  3,000  acres,  and  stock  was  issued  on  the  basis  of 
one  share  per  acre. 

Originally  controlling  and  utilizing  one-half  of  the  flow  of  both 
Sawpit  and  Santa  Anita  canyons,  about  the  year  1890  the  company 
entered  into  a  contract  with  the  city  of  Monrovia,  by  the  terms  of 
which  it  turned  over  to  the  city  the  control  and  use  of  the  waters  of 
Sawpit  Canyon.  It  was  stipulated  in  return  that  the  city  should 
supply  those  lands  of  the  Santa  Anita  rancho  that  lie  north  of  the 
south  boundary  of  the  city  and  east  of  an  irregular  line  which  con- 
forms closely  with  its  western  boundary.  The  Santa  Anita  Water 
Company  retained  the  half  interest  in  the  water  and  works  of  Santa 
Anita  Canyon  and  undertook  the  delivery  of  water  to  stockholders 
west  of  Monrovia. 

The  works  in  Santa  Anita  Canyon  were  built  jointly  by  the  com- 
pany and  E.  J.  Baldwin,  who  owns  one-half  interest  in  the  canyon 
waters.  They  consist  of  a  low  dam  about  half  a  mile  above  the  can- 
yon mouth,  a  short  tunnel,  the  necessary  gates  and-  wasteways,  and 
1,800  feet  of  20-inch  cement  pipe,  leading  to  a  parti tioner,  where  the 
waters  are  divided  between  the  joint  owners.  Below  the  partitionei 
are  something  more  than  6  miles  of  4-inch  to  12-inch  pipe,  which 
serve  as  main  conduit  and  distribution  system. 

The  Santa  Anita  Company's  share  of  this  canyon  water,  stated  by 
officers  of  the  company  to  average  about  25  inches  during  the  irrigat- 
ing season,  is  not  sufficient  to  supply  the  needs  of  the  irrigators,  and 
a  supplementary  supply  is  procured  from  a  well  and  pumping  plant 
(No.  254,  Pasadena  quadrangle)  belonging  to  E.  J.  Baldwin. 

Canyon  water  is  appurtenant  to  the  Santa  Anita  tract,  and  is 
distributed  only  to  shareholders,  of  whom  there  were  nineteen  in 
1906. 

BALDWIN  SYSTEMS. 

E.  J.  Baldwin  holds  in  private  ownership  one-half  the  waters  of 
Santa  Anita  and  Little  Santa  Anita  canyons,  all  of  the  flow  from  the 
ci^nagas  and  artesian  wells  in  the  vicinity  of  Santa  Anita,  a  part  of 
the  waters  which  rise  in  the  moist  lands  above  the  Paso  de  Bartolo, 
and  a  number  of  pumping  plants  on  the  Santa  Anita  rancho,  which 
are  utilized  as  needed.  The  diversion  works  in  Santa  Anita  Canyon 
have  been  briefly  described  in  connection  with  the  account  of  the 
Santa  Anita  Water  Company,  joint  owner  of  the  water,  diversion 
dam,  and  main  pipe  line.  The  ownership  in  the  Little  Santa  Anita 
water  is  shared  with  the  Sierra  Madre  Water  Company,  and  the 
works  at  the  point  of  diversion  are  also  jointly  owned.  These  joint 
works  consist  of  a  tunnel  230  feet  long  at  the  head  of  the  system, 
about  one-third  mile  above  the  canyon  opening,  and  a  10-inch 
cement  pipe  about  4,000  feet  long  which  leads  to  a  division  box 
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where  the  waters  are  partitioned  between  the  two  interests.  Below 
this  partitioner  a  6-inch  concrete  pipe  about  2  miles  in  length  con* 
ducts  the  Baldwin  share  of  the  water  to  the  lands  on  which  it  is  used. 
This  share  is  reported  to  amount  to  10  or  15  inches  during  irrigating 
seasons,  which  follow  winters  of  good  rainfall. 

The  springs  and  artesian  wells  are  distributed  along  the  upper  side 
of  the  irregular  ridge  which  extends  from  above  Monrovia  to  Ray- 
mond Hill.  This  district  has  always  been  an  area  of  moist  lands, 
and  has  furnished  irrigation  water  since  the  settlement  of  the  country. 
On  the  Santa  Anita  rancho  are  about  12  artesian  wells,  and  the 
moist>-land  waters  are  collected  by  means  of  open  ditches  and  tile 
drains;  the  combined  yield  from  these  sources  is  given  as  about  SO 
inches  during  the  irrigating  season. 

Pumping  plants  have  been  installed  at  wells  Nos.  273,  480,  and  481 
(Pasadena  quadrangle),  and  when  these  are  in  operation  a  very  much 
larger  amount  of  water  is  obtained,  their  combined  capacitr  being 
reported  by  the  owner  at  250  miner's  inches. 

Just  above  the  Paso  de  Bartolo  and  between  Lexington  Wash  anci 
San  Gabriel  River  the  rising  waters  which  are  characteristic  of  this 
section  are  collected  in  earthen  ditches  and  conducted  through  these 
and  some  small  wooden  flumes  to  lands  within  the  pass  and  on 
either  side  of  Rio  Hondo,  where  they  are  used  for  irrigation.  The 
flow  in  these  ditches  sometimes  exceeds  150  inches. 

In  the  vicinity  of  Santa  Anita  about  1,200  or  1,400  acres  are 
under  irrigation  by  the  Baldwin  and  Santa  Anita  systems.  Citrus 
and  deciduous  fruits,  grapes,  and  alfalfa  are  grown. 

SIERRA  MADRE  WATER  COMPANY. 

The  Sierra  Madre  Water  Company  was  organized  by  N.  C.  Carter, 
owner  of  the  Sierra  Madre  tract,  in  1882.  At  first  there  were  1,100 
shares,  one  share  to  each  acre  of  land  in  the  tract,  and  as  the  par 
value  of  each  share  was  $10,  the  capitalization  was  $11,000.  August 
24,  1894,  the  capital  stock  was  increased  to  8,800  shares,  with  a 
par  value  of  $10  each.  The  original  water  supply  came  solely  from 
Little  Santa  Anita  Canyon,  one-half  of  the  surface  flow  of  which 
belonged  to  the  Sierra  Madre  Company  and  one-half  to  the  owner  of 
the  wSanta  Anita  rancho.  This  supply  proving  unreliable  duriiijr 
the  summer  season,  a  well  (No.  258,  Pasadena  quadrangle)  wa^ 
installed  in  the  eastern  part  of  the  tract  in  1900  and  connected  with 
the  company's  distributing  system.  Two  engines  are  installed  at 
the  well,  a  25-horsepower  Columbus  to  operate  the  lift  punap,  and 
a  30-horsepower  to  operate  the  force  pump,  which  drives  the  water 
up  the  slope  to  the  higher  parts  of  the  system.  The  cost  of  the  well, 
pumping  plant,  and  distributing  pipes  is  estimated  at  $13,0(N). 
Meters  are  installed  in  the  system,  and  the  pumped  water  is  charged 
for  at  the  rate  of  10  cents  per  1,000  gallons. 
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PRECIPICE  CANYON  WATER  COMPANY. 

The  Precipice  Canyon  Water  Company  was  incorporated  in  1887 
by  four  individual  owners  of  all  of  the  water  rights  in  Precipice  or 
Eaton  Canyon.  The  organization  was  effected  on  the  basis  of 
12,500  shares,  the  par  value  of  each  share  being  $50.  Each  of  the 
incorporators  received  a  number  of  shares  directly  proportionate  to 
his  original  rights  in  the  canyon  waters.  Since  the  organization  2,500 
shares  have  been  sold  in  small  lots  to  fifteen  or  twenty  individuals, 
while  the  remaining  10,000  shares  are  held  by  four  stockholders. 

The  company  owns  3  or  4  miles  of  pipe  line.  Some  of  the  stock- 
holders own  small  reservoirs,  but  the  company  itself  owns  none. 

The  water  is  divided  among  the  shareholders,  each  owner  receiving 
an  amount  proportionate  to  his  ownership  of  stock.  This  water, 
how^ever,  is  not  appurtenant  to  the  land,  and  shareholders  need  not 
be  owners  of  realty.  An  owner  of  stock  may,  therefore,  grant  his 
proportion  of  water  to  whomever  he  may  choose.  About  120  acres 
of  citrus  fruits  are  irrigated  by  the  system,  and  perhaps  200  acres  of 
grapes  receive  water  during  the  winter  and  spring.  The  expense  of 
maintaining  the  system  is  borne  by  assessments  on  stock.  The 
average  cost  is  said  to  be  about  25  cents  per  share. 

W.  I.  Allen,  manager  of  the  company,  furnishes  the  following  table 
of  flow  from  the  canyon  for  a  part  of  1904  and  1905: 

Flaw  from  Eaton  Canyon,  in  miner*  a  inchex. 


April . . 
May... 
June... 
JiUy... 
August 


1904. 


98.36 
68  44 
27.58 
13.13 
6.35 


1905. 


150.00 
155.00 
150.00 
112.00 
a  60. 00 


I  September. 

October 

November., 
December. . 


1904. 


5.05 
7.00 
10.  a5 
14.07 


1905. 


a  Approximate. 
LINCOLN  AVENUE  WATER  COMPANY. 

The  Lincoln  Avenue  Water  Company  was  incorporated  March  26, 
1896,  and  capitahzed  at  $72,000,  divided  into  7,200  shares,  whose  par 
value  is  $10  each.  The  individual  interests  that  had  held  the  rights 
to  which  the  company  succeeded  transferred  these  rights  to  the  com- 
pany and  received  stock  in  payment;  3,670  shares  have  been  issued; 
and  the  market  value  in  1906  was  given  as  $8  per  share. 

The  company  holds  all  the  water  rights  of  Millard  Canyon  above 
the  falls  except  those  of  Saucer  Canyon,  a  small  tributary  which  joins 
the  main  canyon  from  the  north.  This  right  and  that  of  Millard 
Canyon  below  the  falls  are  owned  by  the  Giddings  family,  the  water 
being  used  on  Mountain  View  Cemetery,  about  1  mile  south  of  the 
base  of  the  mountains. 
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The  700  acres  of  the  Lincoln  avenue  tract,  the  water  rights  in 
Millard  Canyon,  and  other  lands  and  water  rights  were  acquired  bv 
the  Pasadena  Improvement  Company  in  the  middle  eighties.  An 
8-inch  steel  main  was  laid  from  the  point  of  diversion  in  the  canyon 
out  to  the  head  of  the  tract,  reservoirs  were  built,  and  distributing 
lines  were  laid.  This  company,  however,  was  disincorporated  in 
1893,  and  the  water  rights  and  such  lands  as  had  not  been  sold  were 
divided  among  the  stockholders.  In  1896,  as  already  stated,  llie 
present  company  was  formed,  largely  of  interests  formerly  included 
in  the  Pasadena  Improvement  Company.  There  are  30  to  40  st^xjk- 
holders  in  the  company,  all  of  whom  are  owners  of  property  in  the 
Lincoln  avenue  tract  of  700  acres.  Water,  however,  is  not  appur- 
tenant to  the  land,  and  provision  is  made  in  the  by-laws  for  distrib- 
uting water  outside  the  tract  if  desired.  It  is  estimated  that  there 
are  about  150  acres  under  irrigation. 

In  1902  the  company  sunk  a  well  (No.  436,  Pasadena  quadrangle) 
and  installed  a  steam  pumping  plant.  This  plant  is  in  operation 
twelve  hours  daily  during  the  irrigating  season,  and  is  reported  to 
yield  25  miner's  inches.  The  canyon  flow  is  said  to  vary  from  3  to 
20  inches,  and  since  it  is  lowest  during  the  suratmer  and  fall,  pumped 
water  is  the  principal  reliance  for  irrigation.  Canyon  water,  which 
is  used  for  domestic  purposes  and  during  the  spring  and  early  summer 
for  irrigation,  is  distributed  for  1  cent  per  1,000  gallons  or  less,  which 
is  something  less  than  half  a  cent  per  hour-inch.  Pumped  water 
costs  6  cents  per  1,000  gallons,  or  about  3  cents  per  hour-inch. 

The  well  and  pumping  plant  cost  about  $10,000.  In  addition,  the 
company  owns  about  1 J  miles  of  8-inch  steel  main  and  5  or  6  miles  of 
2-  to  6-inch  iron  distributing  pipe. 

SUNNY  SLOPE  WATER  COMPANY, 

The  Sunny  Slope  Water  Company  was  oiganized  by  the  Sunnv 
Slope  Land  and  Water  Company  and  incorporated  January  7,  1895, 
with  a  capital  stock  of  $140,000,  divided  into  1,400  shares.  The 
entire  capital  stock  was  issued  to  the  land  company  and  land  was 
sold  thereafter  with  one  share  of  water  stock  to  each  acre.  The  water 
is  made  appurtenant  to  the  1,400  acres  of  land  within  the  Sunny 
Slope  tract  and  can  not  be  delivered  by  the  company  outside  of  this 
area.  The  company  has  the  right  to  develop  water  on  100  acres  of 
ci6naga  land  surrounding  its  pumping  plant  (No.  465,  Pasadena  quad- 
rangle). This  tract  is  a  part  of  the  long,  narrow  belt  of  moist  lands 
which  lie  on  the  north  side  of  the  ''dike*'  extending  from  Rajniond 
Hill,  northeastward  toward  Santa  Anita  Wash.  In  the  Sunny  Slope 
area  about  40  wells  have  been  bored  at  various  times,  but  the  mBJority 
of  them  were  long  ago  abandoned.  The  first  of  these  wells  was  put 
in  during  the  decade  between  1860  and  1870,  but  the  maximum  flow 
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is  reported  to  have  been  obtained  about  1890,  &t  the  end  of  the  wet 
decade  which  included  the  winters  of  1884  and  1887,  with  their  excep- 
tional rainfall.  The  artesian  flow  at  that  time  is  given  as  140  inches, 
but  bas  steadily  declined  since.  During  the  irrigating  season,  while 
pumping  is  under  way,  the  flow  is  now  an  inconsiderable  amount. 

In  1903  the  Sunny  Slope  Water  Company  installed  a  centrifugal 
pump  operated  by  a  20-horsepower  motor.  The  plant,  whose  cost 
is  given  at  $3,000,  has  a  capacity  of  70  miner's  inches.  The  distribu- 
tion system,  built  before  the  organization  of  the  present  company, 
includes  an  earthen  reservoir,  about  60  by  150  by  10  feet,  and  4  miles 
of  4-,  6-,  and  8-inch  steel  mains. 

About  250  acres  of  orange  and  lemon  orchard  are  irrigated  by  the 
company,  and  water  is  appUed  once  annually  to  about  500  acres  of 
vineyard.  Water  is  distributed  in  25-inch  heads  by  schedule  in  rota- 
tion periods  of  six  weeks,  and  is  charged  for  at  the  rate  of  7i  cents  per 
miner's  inch  for  a  twelve-hour  run. 

CHAPEA  WATER  COMPANY. 

The  Chapea  Water  Company  was  incorporated  July  22,  1896,  and 
capitalized  at  $28,000,  divided  into  400  shares  whose  par  value  is  $70 
each. 

During  the  year  of  organization  the  company  purchased  from  Mr. 
Chapman,  owner  of  the  Chapman  ranch,  40  miner's  inches  of  water, 
paying  therefor  $500  per  inch.  At  that  time  the  water  was  artesian, 
but  with  increased  drafts  on  the  basin  and  the  installation  of  pump- 
ing plants  on  adjacent  wells,  those  from  which  the  Chapea  Company 
is  supplied  ceased  to  flow  and  a  pumping  plant  was  installed  over 
them.  The  40  inches  furnished  in  1905  were  pumped.  The  company 
has  no  reservoir,  but  owns  4  miles  of  10-,  6-,  and  4-inch  riveted  steel 
pipe,  laid  in  1896  at  a  cost  of  about  $8,000. 

Each  irrigator  receives  in  a  continuous  flow  during  the  irrigating 
season  a  share  of  the  water  proportionate  to  his  holdings  of  stock. 
The  irrigation  is  accomphshed  on  the  basis  of  1  miner's  inch  to  5  acres. 
Two  hundred  acres  planted  to  oranges  are  under  irrigation.  The 
total  cost  to  the  irrigators,  including  the  salary  of  $60  per  year  which 
the  secretary,  the  only  paid  officer  of  the  company,  receives,  is  $1,200. 

QARVEY  WATER  COMPANY. 

The  Garvey  Water  Company  was  organized  in  1892,  and  capital- 
ized at  $50,000,  divided  into  1 ,000  shares,  with  a  par  value  of  $50  each. 
The  company  owns  a  well  and  pumping  plant  (No.  58,  Pasadena  quad- 
rangle) in  the  old  artesian  belt  1  mile  northwest  of  North  San  Gabriel, 
and  the  water  developed  there  is  carried  through  about  6  miles  of 
8-inch  ste^l  main  to  a  reservoir  in  the  hills  south  of  San  Gabriel 
VaUey,  overlooking  the  Garvey  tract,  upon  which  the  water  is  used. 
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This  reservoir  and  main  were  constructed  in  1892  at  a  cost,  as  given 
by  the  company's  officers,  of  $31,000.  The  well  is  reported  to  have 
yielded  70  inches  of  gravity  water  at  the  time  of  purchase,  but  dur- 
ing the  three  years  from  1903  to  1905  it  was  necessary  to  pump 
during  the  irrigating  season,  although  the  gravity  flow  at  the  point 
where  the  well  is  tapped,  20  feet  below  the  surface,  was  sufficient 
for  a  domestic  supply  for  the  tract.  A  centrifugal  pump  and  a  1&- 
horsepower  electric  motor,  supplied  with  power  from  Pasadena,  are 
used  when  pumping  is  necessary. 

About  200  acres  are  irrigated,  the  water  costing  the  users  at  the 
rate  of  $2.50  for  a  ten-hour  run  of  30  miner's  inches,  or  fivensixths 
of  a  cent  per  hour-inch.  Each  acre  is  given  a  two  and  one-half  hour 
run  of  30  inches  monthly. 

ALHAMBRA  ADDITION  WATER  COMPANY. 

The  Alliambra  Addition  Water  Company  was  incorporated  in 
December,  1883,  with  a  capital  stock  of  $250,000,  divided  into  2,500 
shares,  of  a  par  value  of  $100  each.  The  rights  to  the  surface  flow 
of  El  Molino  Canyon,  which  cuts  through  the  Raymond  *'dike" 
about  1  mile  east  of  Raymond  Hill,  were  purchased  from  the  owner, 
and  50  inches  of  water  were  diverted.  Up  to  1905  ten  wells  had 
been  sunk  in  the  canyon,  several  of  which  are  pumped  by  the  30- 
horsepower  steam  plant  and  air  compressor  that  have  been  installed. 
The  capacity  of  the  plant  is  given  by  the  company  as  150  inches. 
A  number  of  the  wells  are  not  connected-  with  the  pumping  plant, 
but  have  been  tapped  several  feet  below  the  surface.  The  flow 
from  these  and  from  the  canyon  aggregated  about  20  inches  in  the 
spring  of  1905. 

Tlie  company  owns  about  20  miles  of  distributing  pipe  from  4  to 
16  inches  in  diameter,  laid  between  1876  and  1905,  from  the  canyon 
to  Alhambra.  It  also  has  constructed  one  4,000,000-gaUon  reser- 
voir, and  three  with  a  combined  capacity  of  2,000,000  gallons. '  It 
owns  27  acres  of  land — 17  acres  in  El  Molino  Canyon  and  the  balance 
in  reservoir  sites. 

One  thousand  acres  of  land  in  Alhambra  and  vicinity  are  irrigated 
at  an  annual  cost  to  the  irrigators  of  $1  per  acre.  The  water  fe 
delivered  in  25-inch  heads,  at  the  request  of  irrigators. 

EUCLID  AVENUE   WATER   COMPANY. 

The  Euclid  Avenue  Water  Company  w^as  incorporated  December 
24,  1900,  with  a  capital  stock  of  $25,000,  divided  into  2,500  shares, 
whose  par  value  is  $10  each.  Its  organizers  are  the  owners  of  165 
acres  constituting  the  Los  Robles  tract,  and  of  a  right  to  17  J  inches 
of  water  in  Los  Robles  Canyon,  a  short  distance  east  of  the  Raymond 
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Hotel.  So  far  1,325  shares  have  been  issued;  these  are  held  exclu- 
sively by  owners  of  realty  in  the  Los  Robles  tract. 

"I^e  first  cjeyeiopnieut  work  in  the  canyon  was  a  tunnel  which  fur- 
nished a  gravity  9qw.  This  flow  ceased  in  1898.  In  1901,  after  the 
oi^anization  of  the  preaent  compfmy,  ^  small  tract  of  land  was  bpught 
in  Los  Robles  Canyon  for  $250,  a  well  (No.  53>  Pa^ade^a  qus^drangle) 
was  sunk,  and  a  small  pumping  plant  was  installed.  At  the  same 
time  another  small  tract  half  a  mile  farther  up  the  canyon  was  pur- 
chased. This  tract  is  held  in  reserve.  The  well  in  use  is  equipped 
with  a  centrifugal  pump,  run  by  a  15-horsepower. motor.  It  is 
reported  that  26  inches  of  water  are  developed. 

The  company  owns  1 J  miles  of  steel  distributing  pipe  and  a  reser- 
voir of  1,000,000  gallons  capacity.  The  pipe  lines  were  laid  and  the 
reservoir  constructed  in  1891. 

The  165  acres  of  the  original  tract  are  irrigated  at  a  cost  of  $15  per 
acre  per  year,  but  no  water  is  sold  outside  this  tract.  The  water  is 
distributed  in  heads  of  40  weir  inches,  *' Pasadena  module"  (equiv- 
alent to  about  18  miner's  inches),  at  intervals  of  approximately  six 
weeks. 

MARENGO  WATER  COMPANY. 

The  Marengo  Water  Company  was  organized  December  27,  1884, 
on  the  basis  of  a  capitalization  of  $250,000,  divided  into  5,000  shares, 
with  a  par  value  of  $50  each.  An  area  of  1,250  acres,  comprising 
what  was  originally  known  as  the  Bacon  ranch,  but  later  was  divided 
into  the  Raymond  Improvement  Company  tract  and  the  Marengo 
tract,  is  entitled  to  water,  four  shares  of  stock  having  been  allotted 
to  each  of  the  original  1,250  acres. 

The  first  source  of  water  for  this  acreage  was  a  series  of  springs 
which  represented  overflow  from  the  Pasadena  Basin  across  the 
Raymond  Hill  dike,  but  as  these  springs  dried  away  the  water  supply 
was  maintained  by  developments  consisting  of  wells  and  tunnels 
along  San  Pasqual  Wash  to  the  north  and  west  of  Raymond  Hill. 
The  first  tunnel  was  driven  under  the  hills  west  of  the  Raymond 
Hotel  in  1883,  and  for  a  time  furnished  a  suppl^'^  of  about  20  miner^s 
inches,  but  this  flow  dwindled  and  the  tunnel  is  not  now  used.  A 
later  tunnel  driven  east  of  Raymond  Hill  into  San  Pasqual  Wash 
furnishes  a  constant  flow,  which  is  given  as  45  inches  during  the  winter 
months  and  30  inches  during  the  summer  months.  In  additicm  to 
this  tunnel  development  the  company  has  in  use  two  12-incli  wells, 
located  at  the  upper  end  of  San  Pasqual  Wash,  in  the  south  end  of 
the  Pasadena  Basin.  An  Ames  pump  driven  by  a  gasoline  engine 
and  a  Wood  pump  driven  by  electrical  power  constitute  the  equipment 
of  these  wells,  which  are  reported  to  yield  about  40  inches  each. 
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The  distribution  system  includes  a  covered  and  cement-Jjued 
reservoir  450  by  100  by  7i  feet,  with  a  capacity  of  2,500,000  gaUons. 
There  are  a  number  of  mDes  of  pipe  line  from  2  to  10  inches  in  diameter 
and  220  meters  representing  domestic  users.  Only  about  160  acres 
of  the  original  tract  are  now  under  cultivation  as  agricultural  lands, 
and  these  are  planted  to  orange  groves  almost  exclusively.  The 
rate  charged  for  water  used  in  irrigation  is  $2  per  day  of  ten  hours 
for  a  head  of  25  weir  inches.  For  water  used  for  domestic  purposes 
$1.25  is  charged  for  the  first  1,300  cubic  feet  and  6  cents  per  100 
cubic  feet  for  all  in  excess  of  this  amount. 

MONTEBELLO   LAND    AND    WATER   COMPANY. 

The  Montebello  Land  and  Water  Company  was  incorporated  Feb- 
ruary 10,  1900,  and  capitalized  at  $125,000,  divided  into  1,250  shares, 
,  with  a  par  value  of  $100  each.  The  company  was  organized  for  the 
purpose  of  supplying  the  Montebello  tract  of  1,250  acres,  lying  3  or  4 
miles  southwest  of  the  Paso  de  Bartolo,  with  water.  One  share  of 
stock  is  issued  with  each  acre  of  land  sold.  This  share  entitles  the 
holder  to  a  twelve-hour  run  of  7  J  inches  monthly,  a  rate  of  about  1 
miner's  inch  to  8  acres.  Extra  water,  which  will  be  furnished  if 
available  after  all  regular  orders  are  filled,  is  charged  for  at  the  rate 
of  $8  for  a  twelve-hour  run  of  100  inches,  or  two- thirds  of  a  cent  per 
hour-inch. 

The  pumping  station  (No.  279,  Pasadena  quadrangle)  which  fur- 
nishes the  water  is  situated  on  the  mesa  about  one-fourth  mile  east 
of  Rio  Hondo  and  one-half  mile  north  of  the  Los  Angeles-Whittier 
road.  It  consists  of  six  wells  operated  by  two  plants,  a  cross  com- 
pound Corliss  engine  and  centrifugal  pump,  and  a  Worthington 
engine  and  pump.  These  plants  develop  110  horsepower  and  the 
company  gives  their  capacity  as  300  inches,  with  an  output  of  225 
inches  during  the  irrigating  season.  The  tract  of  1,250  acres  lying 
west  of  the  station  has  been  piped  with  4-inch  and  6-inch  steel  dis- 
tributing lines,  of  which  12  miles  have  been  laid.  Two  reservoirs 
have  been  built  whose  combined  storage  capacity  is  stated  to  be 
6,500,000  gallons.  The  total  investment  is  summarized  by  the 
company^s  officers  as  follows:  Wells  and  pumping  plants,  $35,000; 
pipe  lines,  $20,000;  reservoirs,  $3,000;  total,  $58,000. 

Six  hundred  acres  were  under  irrigation  during  the  season  of  1905. 
Berries,  vegetables,  citrus  fruits,  and  walnuts  are  grown. 

NORTH    PASADENA   LAND   AND   WATER   COMPANY. 

The  North  Pasadena  Land  and  Water  Company  was  incorporated 
in  1885  with  a  capital  stock  of  $90,000,  divided  into  1,800  shares, 
whose  par  value  is  $50  per  share.  In  1880  J.  H.  Painter  and  B,  F. 
Ball  had  acquired  1,800  acres  of  land  on  the  east  bank  of  Arroyo 
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Seco,  beginning  perhaps  1  mile  below  the  mouth  of  the  canyon  and 
extending  thence  eastward  and  southward.  At  the  same  time  rights 
to  all  water  flowing  in  the  main  canyon  above  its  lower  tributary, 
Millard  Canyon,  were  secured.  In  1887  a  10-inch  by  12-inch  cement 
pipe  something  more  than  2  miles  in  length  was  laid  to  the  tract. 
This  property  was  all  tinned  over  to  the  North  Pasadena  Land  and 
Water  Company  after  its  incorporation,  the  former  owners  of  the 
property  receiving  stock  in  payment.  Land  was  then  sold,  with 
one  share  of  water  stock  to  each  acre,  and  the  control  of  the  company 
passed  into  the  hands  of  the  landowners. 

The  old  pipe  line  from  the  canyon  to  the  company  lands  was 
replaced  in  1893  by  a  vitrified-clay  and  steel  main,  ranging  from  13 
to  18  inches  in  diameter.  The  water  from  springs  and  small  tunnels 
in  the  upper  part  of  the  canyon  and  its  tributaries  is  collected  and 
carried  to  the  head  of  the  main-canyon  conduit  through  several  miles 
of  small  iron  pipe. 

The  total  gravity  flow  from  the  canyon  attains  considerable  volume 
during  the  winter  and  is  usually  sufficient  for  the  needs  of  the  tract 
during  the  spring  and  early  summer,  but  has  to  be  augmented  by 
pumped  water  during  the  summer  and  fall.  The  average  gravity 
flow  during  the  summer  months,  July  to  November,  1904,  following 
a  dry  winter,  was  4.3  miner's  inches.  The  following  series  of  meas- 
urements, taken  diu"ing  the  wet  winter  and  spring  of  1905,  represent 
contrasting  conditions: 

Gravity  fiov  frofn  Arroyo  Seco  canyon,  1905. 

Miner's  inches.  Miner's  inches. 


January  12 55 

January  19 58 

January  25 99 

February  18 2, 700 


March  25 2, 620 

March  31 1, 366 

April? 725.6 

April  15 877.5 


About  1895  this  company,  pursuing  a  policy  forced  on  the  majority 
of  the  water  companies  owning  gravity  systems  in  the  southern  part 
of  the  State  at  that  time,  prepared  to  develop  underground  waters, 
with  Which  to  augment  the  surface  supply.  Water-bearing  lands 
were  bought,  and  two  wells  were  sunk  (Nos.  435  and  437,  Pasadena 
quadrangle)  and  equipped  with  pumping  machinery.  One  of  these 
(No.  435)  is  about  half  a  mile  north  and  half  a  mile  east  of  Devils 
Gate,  and  is  160  feet  deep.  A  35-horsepower  engine  and  deep-well 
plunger  pump  are  installed.  The  other  well  (No.  437)  is  about 
three-fourths  of  a  mile  south  of  Devils  Gate  and  but  a  few  hundred 
feet  east  of  the  Arroyo  Seco  canyon.  Originally  96  feet  deep,  it  was 
sunk  to  135  feet  in  1904  in  consequence  of  the  lowering  of  the  water 
plane.  The  well  is  evidently  north  of  the  bed-rock  spur  which  extends 
from  the  banks  of  the  arroyo  toward  Monk  Hill  and  dams  back  the 
ground  waters  above  it.     The  bottom  of  the  shaft  did  not  readh  bed 
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rock,  but  probably  closely  approached  it.  The  output  of  these  two 
wells  from  July  to  November,  1904,  is  reported  to  have  averaged  87 
inches.  The  greater  proportion  of  the  water  is  furnished  by  the  lower 
well,  because  as  its  lift  is  less  it  is  operated  more  constantly. 

The  company  reports  that  the  cost  of  its  pumped  water  during 

1904  amounted  to  $2.78  per  1,000  gallons,  or  $48  per  miner's  inch 
per  year.  Irrigation  water  is  supplied  at  3  to  5  cents  per  hovir-incb 
(miner^s,  not  "surface''  inch),  the  charge  varying  with  the  propor- 
tion of  pumped  and  gravity  water.  The  water  is  distributee]  in 
rotation  in  heads  of  20  "surface"  inches  (about  9  miner's  inches)  at 
intervals  of  thirty  days.  The  output  is  apportioned  in  proportion 
to  holdings  of  stock.  An  area  of  173  acres,  belonging  to  25  irrigators, 
is  supplied  by  the  company. 

In  addition  to  this  irrigating  water,  domestic  water  was  supplied  in 

1905  to  972  taps,  at  the  following  rates:  One  thousand  cubic  feet  or 
less,  $1.50;  first  additional  1,000  cubic  feet,  $1;  each  additional  100 
cubic  feet,  6  cents.  The  daily  consumption  of  domestic  water  in  1905 
was  1,065,000  gallons,  and  on  the  basis  of  four  users  to  each  tap, 
3,888  people  were  served* and  the  rate  of  consumption  was  275  gallons 
per  capita  daily. 

The  company's  pipe  system  includes  the  main-canyon  conduit, 
5,000  feet  of  16-  and  18-inch  vitrified-clay  pipe,  6,450  feet  of  13-inch 
iron  pipe,  and  about  26.2  miles  of  steel  pipe  from  1  to  14  inches  in 
diameter  in  the  distributing  system.  Two  reservoirs,  concrete  and 
asphalt  lined  and  roofed,  also  form  a  part  of  the  system. 

PASADENA  LAKE  VINEYARD  LAND  AND  WATER  COMPANY. 
ORGANIZATION   AND   TERRITORY. 

The  Pasadena  Lake  Vineyard  Land  and  Water  Company  was  incor- 
porated in  January,  1884,  with  a  capital  stock  of  $250,000,  divided 
into  5,000  shares,  the  par  value  being  $50  per  share.  This  company, 
spoken  of  generally  as  the  ''east  side  company/'  deUvers  irrigating 
and  domestic  water  to  Pasadena  east  of  Fair  Oaks  avenue^  and  to 
lands  outside  of  the  city  hmits,  eastward  from  Pasadena  toward 
Lamanda.  The  greater  part  of  the  territory  supplied  lies  M-ithin  the 
boundaries  of  the  original  2,500-acre  Lake  Vineyard  tract,  of  the  San 
Pasqual  rancho.  Consumers  located  witliin  the  limits  of  this  tract 
can  purchase  water  from  the  company  without  owning  stock,  but 
outsi(h^  residents,  in  order  to  obtain  water,  either  for  domestic  use  or 
irrigation,  nmst  become  shareholders.  The  area  under  irrigation  in 
the  Lake  Vineyard  tract  is  said  by  Wm.  Ilam.  Hall  to  have  reached 
2,000  acres  in  1884,  but  with  the  expansion  of  the  city  of  Pasadena  a 
large  part  of  the  orchards  and  vineyards  which  formerly  covered  this 
area  have  been  divided  into  town  lots,  and  streets  have  been  cut 
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through  to  afford  .them  frontage.  As  a  result  the  area  of  urigated 
lands  has  steadily  diminished  until  at  the  present  time  it  is  estimated 
that  the  company  supplies,  within  and  without  the  original  tract,  a 
total  of  not  more  than  200  acres  with  irrigating  water.  By  far  the 
greater  part  of  the  revenues  of  the  company  is  derived  from  the  sale 
of  domestic  water  within  the  city  Umits  of  Pasadena. 

WATER   SUPPLY. 

The  water  supply  of  the  Pasadena  Lake  Vineyard  Land  and  Water 
Company  is  derived  from  wells  and  tunnels  near  Devils  Gate,  on  the 
east  side  of  Arroyo  Seco,  and  from  wells  on  the  mesa  near  the  reser- 
voir at  the  head  of  the  Lake  Vineyard  tract.  The  works  and  water 
rights  at  Devils  Gate  are  owned  jointly  by  the  Pasadena  Lake  Vine- 
yard Company  and  the  Pasadena  Land  and  Water  Company  in  the 
proportion  of  seven-tenths  to  the  former  and  three-tenths  to  the 
latter  company.  The  Copclin*  and  Banbury  wells  and  pumping 
plants  (No.  432,  Pasadena  quadrangle)  are  independent  properties 
of  the  Pasadena  Lake  Vineyard  Company. 

HISTORY   OF    WATER   RIGHTS. 

In  1874  the  Lake  Vineyard  Land  and  Water  Association  was  incor- 
porated and  acquired  2,500  acres  of  the  San  Pasqual  rancho,  adjoin- 
ing the  San  Gabriel  Orange  Grove  Association's  tract  on  the  east, 
with  a  part  interest  in  the  springs  immediately  above  and  below 
Devils  Gate.  It  was  the  object  of  the  company  to  divide  the  tract 
into  small  lots,  sell  these,  and  grant  to  each  purchaser  an  interest 
in  the  water,  proportional  to  the  amount  of  land  purchased.  The 
company's  share  of  water  was  made  appurtenant  to  the  2,500-acre 
tract,  and  a  concrete-lined  ditch  13,000  feet  long  was  constructed  to 
deUver  water  from  the  springs  to  a  reservoir  on  the  mesa  at  the 
head  of  the  company's  lands.  Distributing  pipe  was  laid  from  the 
reservoir,  and  lands  imder  the  system  were  sold,  one  share  or  a  five- 
hundredth  interest  in  the  water  being  conveyed  with  each  5  acres  of 
land,  with  the  right  to  the  use  of  the  company's  canal  and  pipe  lines 
for  dehvery.  In  1883,  after  having  disposed  of  1,500  acres  of  the 
2,500-acre  tract,  the  company  sold  an  undivided  tenth  interest  in  its 
waters,  and  an  undivided  tliree-tenths  interest  in  its  water-bearing 
lands  to  the  San  Gabriel  Orange  Grove  Association,  and  the  remain- 
ing interests  not  disposed  of  to  a  syndicate  of  twelve  residents  of 
Pasadena.  The  original  interests  having  thus  become  scattered  with 
no  strong  central  organization  in  control,  no  effective  administration 
was  possible,  the  canals  and  pipe  Unes  were  neglected,  and  the  entire 
system  deteriorated.  Accordingly,  the  Pasadena  Lake  Vineyard  Land 
and  Water  Company  was  organized  in  1884  by  a  large  majority  of 
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the  purchasers  of  land  and  water  rights  from  the  old  association  fc^ 
the  purpose  of  repairing  the  system  and  acquiring  and  developing  & 
greater  quantity  of  water.  These  granted  to  the  new  corporation 
their  interests,  and  received  therefor  shares  of  the  corporation  stock, 
10  shares  being  issued  for  each  of  the  old  5-acre  water  rights.  A  few 
of  the  holders  of  the  water  rights  purchased  from  the  old  a^ociation 
declined  to  join  the  new  oi^anization  and  did  not  convey  their  inter- 
ests. The  new  company  repaired  the  system  and  developed  the 
springs,  greatly  increasing  their  flow.  To  enable  this  work  to  be 
carried  out,  assessments  on  stock  amounting  to  $8.37  per  share  were 
levied.  A  definite  water  rate  to  stockholders  was  also  fixed,  the  fig- 
ure being  made  high  enough  to  cover  the  cost  of  operation  and  of 
repairs.  In  1885  suit  w^  brought  by  the  Lake  Vineyard  Land  and 
Water  Company  to  determine  the  ownership  of  water  rights  as 
between  the  old  Lake  Vineyard  Association  and  the  Orange  Grove 
Association.  This  suit  was  subsequently  compromised  and  the  Pasa- 
dena Land  and  Water  Company,  which  had  succeeded  to  the  rights 
of  the  Orange  Grove  Association,  was  given  title  to  three-tenths  of 
all  the  water  of  the  Devils  Gate  springs,  the  Lake  Vineyard  Company 
retaining  title  to  seven-tenths. 

After  the  organization  of  the  Lake  Vineyard  Land  and  Water 
Company,  some  of  the  holders  of  the  original  water  rights  who  had 
remained  outside  of  the  corporation  attempted  to  establish  a  pro 
rata  interest  in  the  water  developed  by  the  company  by  paying  their 
share  of  the  expense  of  operation.  George'  W.  Beck,  one  of  those 
who  had  succeeded  to  ^^^^  of  the  original  wat^r  rights,  as  appertain- 
ing to  2  acres,  refused  to  pay  the  rate  charged  him  for  water  by  the 
company  and  apphed  for  a  permanent  injunction  to  restrain  the 
directors  from  discontinuing  service  in  supplying  him  with  his  share 
of  water.  A  decision  was  rendered  by  the  State  supreme  court  in 
December,  1889,  defeating  the  plaintiff.  In  1894  the  parent  organi- 
zation, the  Lake  Vineyard  Land  and  Water  Association,  was  dis- 
incorporated. 

DEVILS   GATE   JOINT    WORK. 

In  1887  the  Pasadena  Land  and  Water  Company  and  the  Pasadena 
Lake  Vineyard  Company  joined  in  laying  a  22-inch  lapped  and  riveted 
steel  conduit,  to  replace  the  old  open  ditch,  from  the  Devils  Gate 
springs  to  a  point  of  division  on  the  mesa  at  the  main  reservoir. 
About  1891  the  two  companies,  finding  the  flow  from  the  springs  inad- 
equate for  their  needs,  began  the  conatniction  of  works  to  develop 
and  bring  to  the  surface  the  waters  of  the  underflow  of  Arroyo  Seco 
and  the  east-side  mesa.  About  1891,  2,008  feet  of  tunnel  were  con- 
structed through  the  rocky  point  on  the  east  side  of  Devils  Gate  into 
the  east-side  mesa  and  under  the  gravel  beds  of  the  arroyo.  Begin- 
ning at  the  lower  end  of  the  gorge  and  passing  northward  into  the 
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point  of  rocks  for  about  100  feet,  the  tunnel  was  divided  into  two 
l>ra]iches,  the  right-hand  branch  taking  a  northeast  course  into  the 
mesa  a  distance  of  600  feet,  and  the  left-hand  branch  a  northwest 
course  for  a  few  hundred  feet  to  a  second  fork.     From  this  second 
dividing  point  another  branch  was  continued  westward  and  under 
the  stream  bed  at  the  upper  end  of  Devils  Gate,  while  the  main  work 
Avas  extended  nearly  due  north  about  1,000  feet  under  the  bed  of  the 
arroyo  close  to  the  east-side  mesa.     In  1895  the  main  tunnel  was 
extended  from  its  northern  extremity  eastward  into  the  mesa  a  dis- 
tance of  2,529  feet.     In  1902  two  wells  were  sunk^(Nos.  434  and  434a, 
Pasadena  quadrangle)  and  a  further  extension  of  the  tunnel  of  337 
feet  was  made  to  these  wells.     The  tunnel  tapped  the  wells  at  a  depth 
of  175  feet  from  the  surface.     These  weUs  flow  and  are  pumped  by 
compressed  air  into  the  tunnel.     They  have  a  depth  of  375  and  575 
feet,  respectively.     A  third  well  has  been  sunk  recentl}'^  and  is  being 
connected  with  the  timnel. 

In  1897  a  submerged  dam  was  built  across  the  narrows  at  the  upper 
end  of  Devils  Gate,  immediately  below  the  west  branch  of  the  tunnel 
(PI.  II,  B,  p.  52) .  The  underflow  of  the  arroyo  is  held  by  this  dam, 
while  the  tunnel  taps  the  gravels  and  leads  the  water  into  the  pipe 
system  below.  At  the  extremity  of  this  branch  on  the  west  side  of 
the  stream  channel  an  opening  is  provided  for  the  admission  of  the 
storm  waters.  In  1897  a  solid  masoxuy  dam  was  laid  in  the  bed  rock 
a  short  distance  within  the  mouth  of  the  tunnel,  and  a  valve  was  con- 
structed by  which  the  tunnel  can  be  sealed  entirely  or  the  flow  par- 
tially cut  off  at  will. .  As  a  result  of  closing  the  tunnel  in  winter  the 
water  plane  in  the  wells  above  rises  about  20  feet.  That  the  general 
water  plane  in  the  area  surrounding  the  wells  is  raised  is  evident 
also  from  the  fact  that  an  increased  flow  comes  from  the  wells  for 
weeks  after  the  opening  of  the  tunnel. 

In  1903  a  100-horsepower  compressed-air  plant  was  installed  at  the 
mouth  of  the  tunnel  below  Devils  Gate.  Compressed  air  is  piped 
from  this  plant  to  the  wells  described  above,  and  by  its  use  water  is 
raised  to  the  tunnel  level,  whence  it  flows  by  gravity  past  the  plant 
into  the  main  conduit  below.  The  gravity  flow  from  the  tunnels 
and  wells  varies  with  the  seasons.  The  tunnels  are  partially  sealed 
during  the  winter  months,  so  that  no  measurements  of  the  total  flow 
are  available.  During  the  summer  the  pumping  plant  is  in  operation 
for  a  variable  period,  whose  length  depends  on  the  previous  winter's 
rainfall  and  the  amount  of  gravity  water  available.  During  the  sum- 
mer of  1906  it  was  not  found  necessary  to  start  the  pumps  at  all, 
because  of  the  copious  rainfall  of  the  two  preceding  seasons.  Engi- 
neers who  have  studied  the  local  situation  thoroughly  express  the 
belief  that  if  pumping  operations  were  suspended  for  a  considerable 
period  of  time  the  gravity  flow  would  reach  100  miner's  inches. 
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Records  of  measurements  taken  in  1904  of  gravity  and  pumped 
water  discharged  from  the  tunnel  and  tunnel  wells  show  on  August  1, 
after  the  pumping  plant  had  been  shut  down  three  hours,  a  gravity 
flow  of  55.05  miner's  inches;  on  the  same  day,  after  the  plant  had 
been  shut  down  seven  hours,  a  flow  of  53.26  miner's  inches;  and  on 
August  4,  after  a  nine-hour  shut  down,  a  flow  of  63.25  miner's  inches. 
The  officers  of  the  company  call  attention  to  the  facts  that  during  the 
seven  years  preceding  1904  the  rainfall  had  been  low,  and  that  periods 
of  three  to  nine  hours  after  closing  the  pumps  may  not  be  sufficient 
to  allow  the  maximum  flow  to  be  reached. 

OTHER  WORKS   IN   ARROYO   SECO. 

In  addition  to  the  main  work,  three  minor  tunnels  have  been  con- 
structed and  a  pumping  plant  installed  in  the  arroyo  along  the  pipe 
line  A\athin  half  a  mile  of  the  mouth  of  the  main  tunnel.  About  1889 
a  shaft  (well  No.  433,  Pasadena  quadrangle)  was  sunk  close  to  the 
east  bank  of  the  arroyo,  a  few  hundred  feet  below  the  mouth  of  the 
main  tunnel,  and  a  short  tunnel  was  driven  westward  under  the  bed 
of  the  arroyo  a  distance  of  288  feet.  A  pumping  plant  was  placed 
over  the  shaft  and  equipped  with  a  12-horsepower  gas  engine  and  No. 
4  centrifugal  pump.  This  plant  has  a  capacity  of  25  inches  for  twelve 
.  hours.  In  1894  a  tunnel  575  feet  long  was  driven  eastward  into 
the  mesa  at  Wilson's  Spring  and  another  665  feet  in  length  at  Rich- 
ardson Springs.  These  works  are  located  along  the  bank  of  the 
arroyo  about  half  a  mile  below  the  main  plant.  August  1^  1904,  the 
Wilson  tunnel  was  flowing  3.79  miner's  inches.  And  August  4,  1904, 
the  Richardson  tunnel  was  flowing  8.35  miner's  inches. 

INDEPENDENT   PROPERTY. 

Besides  the  Arroyo  Seco  properties,  which  are  held  in  joint  owner- 
ship with  the  Pasadena  Land  and  Water  Company,  the  Lake  Vine- 
yard Company  has  two  independent  wells  and  pumping  plants  (No. 
432,  Pasadena  quadrangle).  These  are  known  as  the  Copelin  and 
Banbury  wells  and  are  located  on  the  mesa  a  short  distance  above 
the  main  reservoir.  The  Banbury  well  is  not  in  active  use  at  the 
present  time,  but  in  April,  1905,  a  200-horsepower  Corliss  engine  and 
a  centrifugal  pump  were  installed  on  the  Copelin  well,  raising  the 
normal  output  of  the  plant  to  nearly  200  inches. 

DISTRIBUTION. 

Water  for  irrigating  purposes  is  delivered  on  ordere  filed  at  the  office 
of  the  company  and  filled  in  succession.  Water  is  distributed  in  heads 
varying  in  volume  from  5  to  25  weir  inches  C' Pasadena  module'') 
and  charged  for  at  the  rate  of  1  cent  per  hour-inch.  It  is  estimated 
that  the  company  supplies  about  2QQ  aqrea  with  irrigating  water. 
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Domestic  water  is  metered  and  a  charge  of  $1  is  made  for  600  cubic 
feet  and  5  cents  per  hundred  for  each  additional  100  feet.  The  com- 
pany has  1,958  meters  in  use. 

VALUE   OF   PROPERTIES. 

October  15,  1904,  T.  D.  Allin,  city  engineer,  and  Lippincott  & 
Parker,  consulting  engineers,  submitted  a  report  to  the  city  of  Pasa- 
dena on  the  properties  of  the  Pasadena  Land  and  Water  Company 
and  the  Pasadena  Lake  Vineyard  Land  and  Water  Company.  In 
this  report  the  works  of  each  company  are  described  in  detail  and  a 
careful  estimate  is  made  of  their  present  value.  The  following  valu- 
ation is  sunmiarized  from  this  report : 

Summmy  of  values  of  the  property  of  the  Pasadena  Lake  Vineyard  Land  and  Water  Com- 
pany (east-side  system)  exclusive  of  real  estate,  vxiier,  and  water  rights. 


Pipe  system  purchased  prior  to  January  1, 1889. 

Pipe  system  purchased  since  January  1, 188P 

Meters  purchased  prior  to  June,  1900 

Meters  purchased  since  June,  1900 

Air  valves 

Gate  valves 

Specials 


Clamps. 

Bands 

Banbury  well 

Copelln  well 

Reservoir  No.  1,  less  three-tenths  of  division  box. 

Reservoir  No.  2 

Dry  tunnel,  seven-tenths 

Wa^on  road  and  fence,  seven-tenths 

Office  furniture 


Total  value  of  construction  work,  including  Banbury  and 
Copelin  wells  and  not  including  other  water-development 

work 

Add  20  per  cent  for  engineering,  Jidminlstration ,  contractor's  prof- 
Value  of  the  going  business 


Cost,  new. 


S22.897.24 

103,220.63 

15,384  30 

8,007.00 

78.00 

3,536.48 

1,527.04 

431. 75 

124.97 

3,175  70 

13,632.54 

19.245.36 

40,08.3  CO 

2,3n.  44 

453.68 

500.00 


243,675-73 


Deprecia- 
tion. 


t9,625.63 

29.502.20 

3,846.08 

556.84 

24.36 

636.57 

546.71 

154  58 

44.71 

1,561.26 

3,553.f.0 

806.99 

1,874.97 


Present 
value. 


23.10 


$13,271.61 

73,718.43 

11,538.22 

7,450.16 

53.64 

2,899.91 

980.33 

277.17 

80.26 

1,614.44 

10.078.94 

18,438.37 

47,208.63 

2,377.44 

430  58 

500.00 


62,767.60 


190.91&13 

38,183.63 
13,500.00 


242,601.76 


This  is  the  estimated  value  of  the  property  exclusive  of  the  Devils 
Gate  developments,  property  outside  of  the  city  of  Pasadena,  and 
real  estate. 

The  engineers,  in  endeavoring  to  arrive  at  the  value  of  the  Devils 
Gate  waters,  concluded  that  the  works  there  would  deliver  to  the 
systems  100  inches  of  gravity  water  or  200  inches  of  pumped  water, 
and  under  the  conditions  which  existed  in  Pasadena  at  that  time 
the  gravity  waters  were  valued  at  $2,000  and  the  pumped  waters 
at  $1,000  per  miner's  inch;  so  that  whether  the  waters  procured  by 
the  Devils  Gate  developments  are  regarded  as  the  lesser  amount  at 
the  higher  valuation  or  the  greater  amount  at  the  lower  valuation 
is  immaterial.  The  total  value  by  either  method  of  reckoning  is 
$200,000.  In  this  calculation  the  value  of  the  works  by  which  the 
47505— IRB  219—08 9 
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water  is  developed  is  included  in  the  estimate.  Since  seven-tenths  of 
the  Devils  Gate  developments  belong  to  the  Pasadena  Laike  Vine- 
yard Land  and  Water  Company,  its  interest  in  the  total  amounts  to 
$140,000.  The  city  engineer,  T.  D.  Allin,  has  estimated  the  value 
of  that  portion  of  the  company's  plant  outside  of  the  city  of  Pasa- 
dena at  $18,531.95,  and  a  special  commission  appraised  the  real 
estate  at  $34,816.97.  The  total  valuation  of  the  east^side  com- 
pany's property,  therefore,  may  be  summarized  as  follows: 

Value  of  property  of  Pasadena  Lake  Vineyard  Land  and  Water  Company. 


Plant  in  Pasadena  (exclusive  of  Devils  Gat©  interests)  pipe  system,  i 

voire,  going  business,  etc $242, 601. 76 

Seven-tenths  interest  in  Devils  Gate  developments 140, 000.  dO 

Real  eeUte 34, 816L  97 

Portion  of  plant  outside  of  Pasadena 18, 531. 95 

435, 950.  f» 
PASADENA  LAND  AND  WATER  COMPANY. 
ORGANIZATION    AND   TERRITORY. 

The  Pasadena  Land  and  Water  Company  was  incorporated  in 
March,  1882,  with  a  capital  stock  of  $50,000,  divided  into  200  shares 
with  a  par  value  of  $250  each.  In  December,  1885,  the  capital 
stock  was  increased  to  $75,000  and  the  number  of  shares  to  3,000, 
the  par  value  of  each  share  being  reduced  to  $25. 

This  company,  usually  spoken  of  as  the  '* west-side  company,"  to 
distinguish  it  from  the  Pasadena  Lake  Vineyard  Land  and  Water 
Company,  known  as  the  '*  east-side  company,"  serves  an  area  of  about 
1,500  acres,  lying  in  a  strip  less  than  a  mile  wide  and  about  4  miles 
long  on  the  east  bank  of  Arroyo  Seco.  Two-thirds  of  this  area  is 
at  present  in  the  city  of  Pasadena,  and  one-third  in  the  separate 
municipality  of  South  Pasadena.  Only  about  100  of  the  original 
1,500  acres  are  now  under  irrigation,  the  remainder  being  occupied 
by  homes  and  users  of  donjestic  water. 

WATER   SUPPLY. 

The  water  supply  of  the  west-side  company  is  derived  from  the 
Devils  Gate  developments,  owned  and  controlled  jointly  by  the  east- 
side  and  west-side  companies,  title  to  three-tenths  of  the  works  and 
of  the  water  developed  being  in  the  latter,  from  the  Sheep  Corral 
Springs  developments,  which  belong  exclusively  to  the  west-side 
company,  and  from  the  Bradford  street  well,  the  Culver  well,  and 
the  Glenarm  street  well. 

The  capacity  of  the  Devils  Gate  developments  is  estimated  at  200 
inches  of  pumped  water,  and  the  west-side  interest  of  three-tenths 


Digitized  by  LjOOQ IC 


IRRIGATION   ENTERPRISES.  131 

<3f  this  amounts  to  60  inches.     The  Sheep  Corral  developments  have 
;yielded  90  inches  or  more  in  the  past,  but,  as  this  is  regarded  in 
excess  of  the  permanent  supply,  the  capacity  of  the  works  is  placed 
«,t  50  inches.     The  Bradford  street  well  yields  8  inches  during  the 
summer  months,  the  Culver  well  yields  about  the  equivalent  of  10 
Inches  constant  flow,  and  the  capacity  of  the  Glenarm  street  battery 
of  wells  with  present  water  levels  is  given  as  90  inches.     The  total 
available  permanent  supply  for  the  west-side  company  with  its  pres- 
ent installation,  therefore,  amounts  to  about  218  miner's  inches. 

HISTORY  OF   WATER   RIGHTS. 

In  1873  an  association  was  formed  at  Indianapolis,  Ind.,  under  the 
title  of  the  Indiana  Colony,  for  the  purpose  of  settlement  in  south- 
em  California.  The  association's  representatives  acquired  4,000 
acres  of  land  in  two  tracts,  one  of  1,500  acres  along  Arroyo  Seco, 
and  the  other  of  2,500  acres  in  the  Altadena  and  Mesa  de  Las  Flores 
neighborhoods.  Title  to  all  the  waters  at  Sheep  Corral  Springs  and 
to  an  interest  in  the  waters  about  the  Devils  Gate  was  purchased 
"with  these  lands.  Only  about  twelve  of  the  original  Indiana  colo- 
nists emigrated  to  California,  but  the  uncalled-for  shares  were  taken 
in  Los  Angeles  and  the  general  plan  was  carried  through.  The  sub- 
scribers, of  whom  there  were  about  thirty,  then  organized  and  incor- 
porated the  San  Gabriel  Orange  Grove  Association,  with  100  shares, 
each  share  entitling  the  holder  to  a  15-acre  subdivision  of  the  lower 
1,500-acre  tract.  The  water  rights  and  the  2,500-acre  tract  were  not 
subdivided,  but  were  held  for  the  benefit  of  the  association  as  a 
whole,  and  afterwards  the  latter  tract  was  sold  and  the  proceeds 
invested  in  improvements  in  the  water  system,  etc. 

A  series  of  disputes  between  the  east-side  and  west-side  parties 
at  interest  as  to  the  ownership  of  the  waters  in  the  springs  about 
Devils  Gate  began  in  the  seventies  and  was  not  finally  settled  until 
a  compromise*  was  effected  in  1885.  The  first  of  these  suits  was 
decided  in  1879  adversely  to  the  interests  of  the  Orange  Grove  Asso- 
ciation. In  July,  1883,  the  association  bought  from  the  east-side 
organization  for  $10,000  an  undivided  one-tenth  interest  in  its  waters 
and  an  undivided  three-tenths  interest  in  its  unsold  water-bearing 
lands  and  main  conduit.  By  the  terms  of  the  compromise  of 
1885,  these  purchased  interests  were  accepted  as  equivalent  to  a 
three-tenths  interest  in  all  the  waters  of  all  the  upper  springs,  title  to 
the  remaining  seven-tenths  remaining  in  the  east-side  company. 
This  adjustment  has  served  as  the  basis  for  the  distribution  of  all 
costs  of  improvements  and  maintenance,  and  for  the  division  of  all 
Devils  Gate  waters  since  it  was  effected.  The  Sheep  Corral  waters 
and  water  rights  have  never  been  in  dispute,  but  have  been  acknowl- 
edged as  the  property  of  the  west-side  company  since  the  predeces- 
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sors  in  interest  of  the  Indiana  Colony  first  purchased  the  San  Pasqual 
•  rancho  in  1858. 

The  Bradford  street  well,  situated  on  a  lower  bench  just  west  of 
Arroyo  Seco,  was  dug  and  a  pumping  plant  installed  over  it  in  1903; 
the  Culver  well,  on  the  east  side  of  the  arroyo,  was  purchased  from 
F.  J.  Culver  in  1904  for  $8,000,  and  the  Glenarm  street  wells,  one- 
fourth  mile  northeast  of  the  Raymond  Hotel,  were  bored  and  equipped 
in  the  summer  of  1904. 

DEVILS    GATE   .lOINT   WORKS. 

A  brief  account  of  these  works,  constructed  and  owned  jointly  by 
the  Pasadena  Ijand  and  Water  Company  and  the  Pasadena  Lake 
Vineyard  Land  and  Water  Company,  is  given  on  pages  126-128. 

INDEPENDENT   PROPERTY. 

The  oldest  of  the  water  sources  owned  exclusively  by  the  Pasadena 
Land  and  Water  Company  is  the  Sheep  Corral  Springs  and  develop- 
ment works.  Before  the  sinking  of  wells  and  driving  of  tunnels  in 
their  immediate  vicinity  and  the  completion  of  more  distant  develop- 
ments which  have  nevertheless  affected  their  supply,  these  springs 
yielded  from  50  to  130  miner's  inches  during  the  dry  months  of  sum- 
mer, and  their  average  flow  was  given  by  Wm.  Ham.  Hall<»  as  90 
miner's  inches. 

As  the  demand  for  water  on  the  Pasadena  mesa  increased,  work 
was  undertaken  at  the  springs,  with  the  purpose  of  increasing  the 
supply  available  from  them.  In  1890  a  tunnel  was  begun  just  above 
the  gorge  at  Sheep  Corral  Springs,  at  a  depth  of  29  feet,  and  during 
the  three  succeeding  years  it  was  extended  northward  until  it  reached 
a  length  of  1,345  feet,  its  construction  having  cost  $14,500.  At  the 
same  time  (1890)  a  small  gasoline  engine  was  installed  for  the  pur- 
pose of  lifting  the  water  developed  in  the  tunnel  into  a  receiving  tank, 
whence  it  was  pumped  with  other  waters  from  the  springs  to  a  reser- 
voir on  the  edge  of  the  mesa  100  feet  above  the  arroyo  level.  The 
plants  for  this  greater  lift  were  installed  in  1882  and  in  1892,  and 
consist  of  two  Wellington  compound  duplex  pumps,  each  with  a 
capacity  of  100  miner's  inches.  In  1895,  in  order  to  recover  what- 
ever underflow  might  be  escaping  through  the  gravels  of  the  gorge 
below  the  springs,  a  submerged  dam  was  constructed  across  this 
gorge  and  extended  from  bed  rock  to  4  feet  above  the  original  surface 
of  the  gravels  in  the  arroyo.  The  dam,  which  is  of  concrete-masonry 
construction,  has  a  maximum  depth  of  28  feet,  and  a  width  of  4  feet 
and  contains  336  cubic  yards  of  material.  Its  cost  was  $5,200. 
Finally,  in  1904  a  well  was  sunk  in  the  tunnel  and  water  is  now  pumped 
from  40  feet  below  its  floor. 


a  Irrigation  in  Southern  California,  1888,  p.  406. 
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The  Bradford  street  well  was  dug  in  1903.  It  is  located  in  Pasa- 
dena, just  west  of  Arroyo  Seco  and  something  more  than  1  mile 
south  of  Sheep  Corral  Springs.  From  the  bottom  of  the  well,  which 
is  70  feet  deep,  a  drift  extends  eastward  for  170  feet.  The  well  is 
operated  by  electric  power,  and  the  water,  about  8  miner's  inches,  is 
pumped  directly  into  the  South  Pasadena  main,  which  runs  near  by. 

The  Culver  well,  on  the  east  side  of  the  arroyo,  about  600  feet 
north  of  the  Bradford  street  well,  was  sunk  in  1899  and  1900  by 
F.  J.  Culver,  and  was  purchased  by  the  Pasadena  Land  and  Water 
Company  in  1904  for  $8,000.  The  well  is  54  feet  deep,  and  a  tunnel 
extends  northeastward  122  feet  from  its  bottom.  Water  from  this 
well  is  pumped  into  the  South  Pasadena  main  directly  by  electric 
power.  The  yield  is  approximately  40  inches  for  the  six  hours  per 
day  during  which  it  is  pumped.  Neither  the  Bradford  street  nor 
the  Culver  well  is  used  except  during  the  dry  periods  of  mid  and  late 
summer. 

The  latest  addition  to  the  Pasadena  Land  and  Water  Company 
plants  is  the  Glenarm  street  group  of  three  12-inch  wells,  bored  and 
equipped  with  a  pumping  plant  in  1904.  These  wells  are  located 
about  one-fourth  mile  northeast  of  the  Raymond  Hotel.  They  vary 
in  depth  from  215  to  256  feet,  and  their  total  cost  was  $1,840.  An 
air  lift  has  been  installed  to  pump  the  water  from  the  wells,  and  a 
centrifugal  pump  then  raises  it  over  the  Orange  Grove  avenue  ridge 
into  the  South  Pasadena  main.  From  this  main  the  water  will  flow 
by  gravity  to  the  Sheep  Corral  plant,  and  may  then  be  pumped  into 
the  Pasadena  system.  The  cost  of  this  pumping  plant  is  given  as 
$7,023,  and  its  capacity  as  90  inches.  The  wells  easily  yield  this 
amount,  and  inasmuch  as  their  situation  is  most  favorable,  both  as 
to  permanence  of  supply  and  accessibility  of  water,  it  is  probable 
that  they  will  continue  to  furnish  the  full  amount  for  a  long  period. 

DISTRIBUTION. 

Although  the  San  Gabriel  Orange  Grove  Association,  to  whose 
rights  and  property  the  Pasadena  Land  and  Water  Company  has 
succeeded,  was  essentially  an  irrigation  company,  the  present  cor- 
poration, through  the  growth  of  the  cities  of  Pasadena  and  South 
Pasadena,  has  become  in  reality  a  municipal  water  company.  Only 
about  100  of  the  1,500  acres  in  the  original  tract  are  now  under  irri- 
gation. 

Within  the  city  limits  of  Pasadena  practically  all  services  are  under 
meter,  the  company  having  about  1,200  instruments  in  use.  The 
minimum  charge  for  water  where  meters  are  installed  is  $1.25  per 
month.  This  sum  entitles  the  user  to  800  cubic  feet.  For  all  water 
in  excess  of  that  amount  a  charge  of  6  cents  per  100  cubic  feet  is 
made.     In  South  Pasadena  and  at  those  few  points  in  Pasadena 
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where  meters  are  not  installed,  flat  rates  of  50  cents  to  $2  per  month 
are  charged.  The  irrigating  rate  is  IJ  cents  per  hour  per  "surface 
inch/'  probably  equivalent  to  a  little  more  than  2}  cents  per  hour 
per  California  miner's  inch. 

VALUE    OF   PROPERTIES. 

The  board  of  engineers,  Messrs.  AUin,  Lippincott,  and  Parker, 
engaged  in  1904  to  determine  the  value  of  the  property  of  the  com- 
panies supplying  Pasadena  with  water,  summarized  the  value  of  the 
system,  exclusive  of  the  interest  in  the  Devils  Gate  works,  the  Sheep 
Corral  developments  and  rights,  the  South  Pasadena  portion  of  the 
system,  and  the  real-estate  holdings,  as  follows: 

Summary  of  ralufs  of  the  property  of  the  Pasadena  Land  and  Water  Company  (vfit-sidt 
system )  exclusive  of  real  estate,  water,  and  water  rights. 


Coat  new    ,  I^»w**-       Ptpmi 
I  ^^^  ^^'  I       lion.  vdik". 


Plpeiyatera $78,234.52     S25,50a46  IS2.T34.0B 

(JkU*  valves 1,655.18.         297.W  l,357.2ii 

Specials 84&12I         276.46  571.6S 

Meters  laid  prior  to  June.  1900 8.795.10  1      2,506.50  6.S«<51 

Meters  laid  since  June,  1900 6,557.50            565.11  5.992  S" 

Orange  Grove  avenue  reservoir 26,929.67        5,088.66  21,M1  0.' 

Bradford  street  pumping  plant 4,553.24  1         330l54  4.2ia7D 

(llenarm  street  wells I,84a20  ' I.«a20 

Glenarm  street  pumping  plant 7, 023. 42 7,(e&.C 

Sheep  Corral  main  pumping  plant 8,480.81        3.809.33  4.6il.« 

Division  box,  three-tenths 4a50  \ taV' 

Dry  tunnel,  three-tenths 1,018.91  j 1,01^« 

Wason  road  and  fence,  Devils  Gate,  three-tenths 194. 43               9. 80  IS4  M 

Tool  house  and  office  furniture 50aOO   50.ii 


Total  value  of  construction  work,  including  Glenarm  and  . 
Bradford  street  wells,  and  not  including  other  develop- 

mentwork 140,671.60      38,453.99  lOK2i:«l 

Add  20  per  cent  for  engineering,  administration,  contractor's 

profits,  etc 21.5*3  J 

Value  of  the  going  business la  im-  '>' 

139.««5l.:4 


The  Devils  Gate  developments  (see  pp.  126-128  for  details)  are 
valued  at  $200,000,  three-tenths  of  which,  or  $60,000,  belong  to  the 
west -side  system.  The  water  supply  from  Sheep  Corral  Springs  whs 
valued  at  $500  per  miner's  inch,  and  the  permanent  supply  there 
estimated  at  50  miner's  inches,  or  a  total  valuation  of  $25,000, 
T.  D.  Allin,  city  engineer  of  Pasadena,  estimated  that  portion  of  the 
company's  plant  outside  of  the  city  to  be  worth  $15,295.73,  and  the 
real  estate  commission  estimated  the  value  of  the  real  estate  hold- 
ings of  the  corporation  to  be  $49,603.28. 

The  final  valuation  of  the  west-side  companj^'s  property  may  there- 
fore be  summarized  tlius: 
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Vahu  of  property  of  Pasadena  Land  and  Water  Company. 

Plant  in  Pasadena  (exclusive  of  Devils  Gate  and  Sheep  ("orral  develop- 
ments)   $139,861.13 

Three-tenths  interest  in  Devils  Gate  developments 60, 000. 00 

Sheep  Corral  developments  and  supply 25, 000. 00 

Real  estate 49,  603. 28 

Portion  of  plant  outside  of  Pasadena 15, 295. 73 

289,  760. 14 
VERDUGO  CANYON  WATER  COMPANY. 

The  waters  of  Verdugo  Canyon  are  percolating  waters  of  rather 
uniform  flow,  which  escape  from  gravels  that  fill  the  valley  of  La 
Cafiada,  between  the  San  Rafael  and  Verdugo  hills  to  the  south  and 
the  San  Gabriel  Range  to  the  north.  They  drain  into  the  lower  San 
Fernando  Valley  through  Verdugo  Canyon,  rising  to  the  surface  in  a 
number  of  springs  along  the  southern  If  miles  of  its  course.  The 
flow  from  these  springs  forms  two  small  surface  streams,  one  on 
either  side  of  the  canyon.  By  a  court  decree,  handed  down  in  Novem- 
ber, 1871,  the  waters  on  the  east  side  of  the  canyon  were  awarded  to 
Theodore  Verdugo  and  his  assigns,  and  made  appurtenant  to  2,629.01 
acres  lying  within  the  limits  of  the  canyon.  Since  the  award,  por- 
tions of  the  tract  have  been  sold,  and  there  are  now  several  owners 
of  the  east-side  water.  By  the  same  decree  all  surplus  east-side 
water,  above  that  reasonably  required  by  Verdugo  and  his  successors 
in  interest,  was  to  be  turned  into  the  channel  of  the  west-side  springs 
and  to  become  a  part  of  those  waters  which  were  allotted  to  lands 
lying  in  the  east  end  of  the  San  Fernando  Valley  below  the  canyon. 
This  west-side  water  was  divided  into  10,000  parts,  and  apportioned 
among  the  various  interests  claiming  it.  The  division  was  made  by 
time,  an  owner  of  one  part  being  entitled  to  the  total  west-side  flow 
for  one  minute  of  each  week. 

June  18,  1884,  the  Verdugo  Canyon  Water  Company  was  organized 
to  better  effect  the  distribution  of  this  west-side  water  by  constructing 
and  maintaining  a  system  of  pipe  lines,  hiring  a  zanjero,  etc.,  and  to 
develop  the  underflow  of  the  canyon.  The  capital  stock  was  fixed 
at  $10,000,  divided  into  10,000  shares,  each  representing  one  of  the 
original  10,000  parts  of  the  west-side  water.  Three-fourths  of  the 
owners  of  the  west-side  interests  joined  the  organization,  and  7,500 
shares  were  issued,  C.  E.  Thom  and  E.  M.  Ross,  owners  of  one-fourth 
interest,  remaining  outside  the  company.  No  subscriber  to  the  capi- 
tal stock  of  the  company  may  hold  more  shares  than  he  owns  ten- 
thousandths  of  west-side  water.  There  are  300  stockholders,  each  of 
whom  receives  a  proportion  of  the  total  flow  equal  to  the  ratio  of  his 
stock  to  the  total  issue  of  10,000  shares.  Only  six  of  these  stock- 
holders, however,  receive  their  water  directly  from  the  company's 
pipe  lines.     The  remainder  have  organized  a  number  of  subordinate 
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companies.     These  companies  and  the  number  of  ten-thousandths  of 
west-side  water  which  they  receive  are  listed  in  the  following  table: 

Subordinate  cortipanics  receiving  trest-side  water  of  Verdttgo  Canyon. 

Verdugo  Springs  Water  Company 666 

Venlugi)  Pipe  and  Reservoir  Company 1, 307. 5 

Tropi(M»  Water  Company L  191 

Independent  Water  Company 924.  -3 

N<»rth  ( llendale  Pipe  and  Reservoir  Company 2, 12S 

Ea«t  Cilendale  Reservoir  and  Pipe  Company 670 

Glassell  Pipe  Company 613 

Five  of  these  subsidiary  companies  own  reservoirs,  and  the  share 
of  each  is  delivered  to  it  in  a  constant  flow.  The  West  Glendale 
Reservoir  and  Pipe  Company  and  the  Glassell  interests  do  not  own 
reservoirs,  and  their  share  of  water  is  delivered  once  or  twice  weekly 
in  accumulated  heads.  The  Verdugo  Canyon  Water  Company  also 
delivers  to  C.  E.  Thom  and  E.  M.  Ross  their  proportion  of  canyon 
water,  collecting  from  them  a  proportionate  share  of  operating 
expenses. 

The  responsibility  of  the  Verdugo  Canyon  Water  Company  ceases 
with  the  delivery  of  its  share  of  water  to  each  of  the  subordinate 
companies.  The  further  subdivision  of  the  water  and  its  delivery  to 
the  individual  stockholders,  tlirough  the  pipe  lines  and  reservoirs  of 
the  subordinate  companies,  is  charged  for  by  the  companies. 

During  the  five  seasons  covering  the  years  1900  to  1904  the  average 
annual  expenses  of  the  Verdugo  Canyon  Water  Company  were  27 
cents  per  share.  This  charge  covered  operation,  maintenance,  legal 
fees,  and  other  expenses,  and  a  payment  of  $2,500  on  the  indebtedness. 
The  total  flow,  surface  and  developed,  controlled  by  the  company 
varies  from  65  to  more  than  100  inches.  The  maximum  surface  flow 
recorded,  171  miner's  inches,  was  measured  in  August,  1890.  The 
minimum  combined  surface  and  developed  underflow,  64.2  miner's 
inches,  was  measured  October  1,  1904.  Other  records  of  measure- 
ments are  given  below: 


Meafturements  of  Verdugo  Canyon  waters. 


Surfacp 


Underflow 


Date.  n^w        I   diverted         TotftL 

"*'^*  by  dam.    , 

I  Miner's  in.  Miner's  in.]  Miner' $». 

Mnvl4,1904 !  51  26.7  77  7 

August  14.  1904 1  45.6  19.7  «>i3 

May27,  19aj 77.7  1  23.9.  lOln 

Soon  after  the  incorporation  of  the  Verdugo  Canyon  Wat«r  Com- 
pany, steps  were  taken  to  divert  the  canyon  water.  A  masonry  darn 
50  feet  long  was  built  across  the  bed  of  the  creek,  a  short  distance 
below  the  tract  now  known  as  Verdugo  Park.     No  attempt  was  made 
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to  reach  bed  rock,  the  base  of  the  dam  being  sunk  only  6  feet  below 
the  surface.     From  the  dam  about  26,000  feet  of  16-,  10-,  and  8-inch 
cement  pipe  were  laid  to  the  reservoirs  below.     Practically  this  same 
system  remains  in  existence  to-day,  the  only  change  being  an  exten- 
sion of  500  feet  of  25-inch  cement  main  upstream  to  the  submerged 
dam  begun  in  1895.     Preparations  for  this  latter  construction  had 
been  made  in  1894  by  the  purchase  of  7|  acres  of  land,  above  the  old 
diversion  dam,  for  $2,500,  all  of  the  west-side  interests  joining  in  the 
purchase.     Explorations  for  bed  rock  were  carried  out,  and  as  they 
resulted  favorably,  construction  was  about  to  be  imdertaken  when 
it  was  found  impossible  to  procure  a  direct  right  of  way  across  the 
canyon  from  the  owner  of  the  adjoining  property  on  the  east.     An 
alternative  indirect  right  of  way  was  offered,  however,  and  accepted, 
and  construction  was  begun.     Two  hundred  and  forty  feet  of  dam 
had  been  built  when  the  channel  deepened  and  bed  rock  was  lost. 
Exploration  for  it  resulted  in  an  estimate  that  the  dam  could  not  be 
completed  for  less  than  $50,000.     As  $20,000  had  already  been 
expended,  the  estimate  was  considered  prohibitive  and  work  was 
stopped.    This  incomplete  dam  results  in  the  recovery  of  some  of  the 
underflow,  as  is  indicated  by  the  table  on  page  136. 

YEEIiD  OF  FLOWING  WELLS- 

In  the  endeavor  to  use  tables  heretofore  published,  for  the  easy 
determination  of  the  yield  of  flowing  wells  when  the  diameter  of  the 
casing  and  the  height  of  the  dome  are  known,  difficulties  have  been 
encountered,  the  majority  of  the  tables  extant  proving  inaccurate. 
The  most  satisfactory  formulas  known  to  the  writer  for  the  yield  of 
wells  discharging  vertically  are  those  of  C.  E.  Grunsky.  From  these 
formulas,  which  are  given  below,  a  set  of  simple  tables  of  the  yield  of 
wells  flowing  250  California  miner's  inches  or  less  has  been  compiled. 
These  tables  have  proved  convenient  in  the  field  work  of  the  author 
of  this  report,  and  it  is  hoped  that  they  may  prove  equally  useful  to 
others. 

Grunshy*  8  formulas  for  yield  of  flowing  wells, 

[Qb Gallons  per  minute;  d-idiameter;  A»dome.] 

When  h;>d  (spouting  wells),  Q=5.35d2v/* 
When  h<  ^d,  Q=10<fv/^» 

When  h<-d  and  >  ^j^d,         Q=-_J?^^^_ 
-^  ^'  '  ^    v/l-h2.525  /hy 
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Yield  of  flowing  welh. 
[California  miner's  inch  of  9  gallons  per  minute  or  0 .02  second  foot.] 


^"^^-^^  Diameter  of  well, 
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Height  of   ^^^^.^ 
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MAPS  AND  TABLES. 

Such  information  on  the  foothill  belt  as  is  capable  of  graphic  pre- 
sentation has  been  assembled  in  maps  and  tables. 

The  maps  (Pis.  III-IX,  in  pocket)  show  the  lands  irrigated  in  the 
foothill  belt,  the  chief  pipe  and  canal  lines  of  the  various  irrigating 
companies,  the  pumping  plants,  the  artesian  wells,  a  few  of  the 
domestic  wells,  groimd-water  levels,  indicated  by  hydrographic  con- 
tours, and  artesian  areas  past  and  present. 

In  the  tables  the  information  collected  during  a  careful  canvass 
of  the  wells  of  the  foothill  belt  has  been  assembled.  Tliis  informa- 
tion includes  the  name  of  the  owner,  the  location  of  the  well,  the 
date  of  its  completion,  its  diameter,  depth,  and  cost,  the  cost  of  the 
installation  where  pumping  machinery  is  in  use,  the  use  made  of 
the  water,  and  the  amount  produced.  For  some  wells  temperature 
data  and  rough  determinations  of  the  amount  of  solid  matter  in  the 
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water  in  parts  per  100,000,  as  a  result  of  measurements  of  the  jelectric 
resistance  by  the  Wheatstone  bridge,  are  included. 

It  has  not  been  possible  to  obtain  all  of  this  information  for  each 
well  examined,  and  in  many  cases  that  collected  is  only  approximately 
correct,  but  such  facts  as  are  known  are  presented. 

The  greater  part  of  the  data  thus  assembled,  both  in  the  tables 
and  maps,  has  been  collected  by  W.  N.White,  field  assistant,  to  whom 
cordial  acknowledgments  are  due.  In  assembling  the  material  in 
the  office  for  publication,  both  Mr.  White  and  A.  J.  Fisk,  jr.,  have 
assisted. 

The  following  list  of  useful  equivalents  has  been  compiled  by 
J.  B.  Lippincott: 

USEFUL  EQUIVALENTS. 

1  United  States  gallon  of  water  weighs  8.345  pounds. 
l,OOO»000  gallons  per  day=1.54723  second-feet. 
1  centper  1,000  gallon8=$3.367  per  acre-foot. 
1  old  California  miner's  inch=  1,728  cubic  feet  per  day,  or 

v*5  second-foot,  or 
12,925  gallons  per  day,  or 
538.5  gallons  per  hour,  or 
630,7^  cubic  feet  per  year,  or 
14,478  acre-feet  per  year. 
1  new  California  miner's  inch=lj  cubic  feet  per  minute,  or 

^  second-foot. 
1  Colorado  miner's  inch=2,250  cubic  feet  per  day,  or 

17,000  gallons  per  day  (approximately). 
1  second-foot =50  California  miner's  inches,  or 
38.4  Colorado  miner's  inches,  or 
450  gallons  per  minute,  or 
723.92  acre-feet  per  year,  or 
1.983471  acre-feet  in  24  hours,  or 
59i  acre-feet  in  30  days,  or 
646,315  gallons  per  day. 
1  second-foot  per  year=  13.57  inches  m  depth  per  square  mile. 

1  acre-foot =25. 2  California  miner's  inches  for  24  hours,  or 

43,560  cubic  feet,  or 

325,851  United  States  gallons. 

2  acre-feet  in  30  days= continuous  flow  of  0.03J  second-foot. 
1  cubic  foot=7.4805  gallons. 

1  cubic  foot  of  water  at  62**  F.  weighs  62.355  pounds. 

1,000,000  cubic  feet =23  acre-feet  (approximately). 

1  barrel  crude  oil=42  gallons. 

1  barrel  crude  oil  of  14°  gravity  weighs  340.6  pounds  (usually  taken  at  341  pounds). 

1  gallon  crude  oil  weighs  8. 12  pounds. 

Pressure  per  square  inch  for  each  foot  of  head =0.433  pound. 

Pressure  in  pounds  per  square  inch  X  2.31=head  in  feet. 

Grains  per  gallon  X  1.71=parts  per  100,000  of  solids. 

Velocity  of  1  mile  per  year=0.0()0167  foot  per  second. 

GENERAL  STATISTICS. 

Flowing  wellsy  pumping  plants,  irrigated  area,  etc. ,  in  foothill  belt  of  southern  California 

in  1905. 


Number  of  flowing  wells 

Number  of  pumping  plants 

Estimated  investment  in  wells  and  pumping 

equipment 

Estunated  average  output,  continuous  flow, 

second-feet 

Area  irrigated acres. 

Artesian  area,  1906 square  miles. 

Original  artesian  area do. . . 

Estimated  area  tUlabie  land do 


Cucamonga  j     Pomona         Pasadena    | 
quadrangle.  |  quadrangle,    quadrangle. 
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A.  Page. 

Absorption,  rate  of 28-29 

relation  of,  to  character  of  soil 26-28 

to  floods 25-26 

Alhambra  Addition  Water  Co.,  irrigation 

plant  of 120 

Alldre  tunnel,  description  of 88 

.\iley,  Charles,  well  of,  fluctuations  in 61-62 

AUin,  T.  D.,  aid  of 67 

.Ailuvium,  water  in 11 

See  also  Earlier  alluvium;    Later  allu- 
vium. 

.-Vivarado,  M.,  water  rights  of 80 

American  Beet  and  Sugar  Co. ,  wells  of 145, 

146-147,148 
Anaheim,  rainfall  ai 19 

underground  water  at,  fluctuations  of. .       54 
Arroyo  Seco,  description  of 9 

development  In 125, 128 

flow  of 123 

panoramic  view  on 8 

wells  on 125 

Artesian  areas,  maps  showing Pocket. 

Artesian  Belt  Water  Co.,  irrigation  plant  of.  95-96 
Artesian  water,  geographic  extent  of 54 

geographic  extent  of,  maps  showing.  Pocket. 

use  of,  growth  of 7 

Azusa,  flow  at 99-101 

Azusa  A^cultural  Water  Co.,  Irrigation 

.  plant  of 105-106 

Azusa  Irrigating  Co.,  hrigation  plant  of. .  101-102 

well  of,  fluctuations  in 59 

B. 

Baker  <Sr  Son,  well  of 45 

Baldwin,  T.  J.,  irrigation  plants  of 115-116 

Banbury  well,  description  of 128 

Basins,  depths  of 33 

floors  of 31-32 

See  also  Reservoirs,  underground. 
Beardalee  Water  Ditch  Co. ,  Irrigation  plant .    110- 

111, 11^-114 

Big  Dalton  Canyon,  water  of 107-108 

Bradford  street  well,  description  of  . .  131,132,133 
Brown,  W.  P.,  well  of,  section  of,  figure 

showing 40 

Bunker  Hill  dike,  location  of 53 

C. 

Canals,  location  of,  maps  showing Pocket. 

Canyon  Ridge  Water  Co.,  Irrigation  plant  of        87 

weUof 143 

Canyon  Water  Co.  of  Pomona,  irrigation 

pUnt  of 80-81 

Cathcart,  R.,  well  of 85 

Chapea  Water  Co. .  Irrigation  plant  of 119 

Chino,  artesian  belt  near 39-42 

4750&— IRR  219-^8—12 


Pa«e. 

wells  at  and  near 32,40,41,145-148 

Chino  Creek,  flow  of <0 

Chino  I^nd  and  Water  Co.,  irrigation  plant 

of 89-90 

wells  of 147,148,151 

Cienaga  Land  and  Water  Co. ,  history  of 94 

Citizens  Light  and  Power  Co.,  irrigation 

plant  of 89 

wells  of 150 

Citrus  Belt  Water  Co.,  Irrigation  plant  of. .      106 
Clapp,  W.  B.,  absorption  measurements  by.       28 

Claremont,  water  supply  of 89 

Claremont  Cooperative  Power  Co.,  Inlga- 

tionplantof 88 

weUsof 150 

Coast  Range,  coastal  plain  west  of,  study  oL         7 
Columbia  Land  and  Water  Co.,  irrigation 

plant  of lOfr-107 

Conservation.    See  Waters. 
Consolidated  Water  Co.  of  Pomona,  irriga- 
tion plant  of 84-85 

weUsof 150,151 

Copeland  weU,  description  of 128 

Covina    Irrigating    Co.,    irrigation    plant 

of 98,10e-lO5 

weUsof 45 

Cucamonga,  wells  at,  data  on 142-144 

Cucamonga  fan,  absorption  work  on 26 

Cucamonga  Fruit  Land  Co.,  Wstory  of 72-73 

Cucamonga  lands,  irrigation  of 71-74 

Cucamonga  Plains,  description  of 9, 14 

gravel  In,  depth  of 33 

Cucamonga  quadrangle,  artesian  map  of.  Pocket. 

irrigation  in 139 

irrigation  map  of Pocket. 

weUa  In,  data  on 140-151 

Cucamonga  tunnel ,  section  of,  figure  showing       34 
Cucamonga  Water  Co.,  history  of 71-78 

Irrigation  plant  of 73-74 

weUsof 142-143 

figure  showing 35 
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Duarte  Mutual  Irrigation  and  Canal  Co.,  ir- 
rigation plant  of 110-113 


Earlier  alluvium,  description  of 11-12, 44 

dip  of 12,35 

occurrence  of 35,43-44 

underflow  deflected  by 12, 35, 36, 44 

uplift  of 11-12 

water  in 11,35-37 

East  Pasadena  Land  and  Water  Co.,  wells 

of 52-63 

East  Whittier  Land  and  Water  Co.,  well 

of 31-32,49 

wbU  of,  section  of,  figure  showing 32 
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